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I. INTRODUCTION 


2) The Hal Communications Model ST-5000 is a high performance FSK demodu- 
lator and tone keyer designed for use with radio teleprinter systems. The 
ST-5000 incorporates the features and performance characteristics of pre- 
vious HAL demodulators as well as offering some features previously not 
available. 


The ST-5000 is an audio tone type of demodulator and keyer. Audio 
tones from the receiver, representing the ''mark'' and ''space'' teleprinter 
code states, are converted into keying pulses by the demodulator section. 
Active discriminator filters are used in the ST-5000 so that a wide range 
of input frequencies can be accomodated. Two standard audio tone sets are 
normally stocked by the factory. The standard tone sets are based on a 
mark frequency of 1275 Hz (''low-tone!'' set) or a mark frequency of 2125 Hz 
('‘high-tone'' set) for frequency shifts of 170 Hz.and 850 Hz. The tone 
keyer section of the ST-5000 generates the same set of tones for trans- 
mitting in addition to a narrow-shift tone for Morse code identification. 


The demodulator uses a wide bandwidth limiter and active detector 
circuit to give outstanding performance for a wide range of input signal 
amplitudes. A three pole active lowpass filter follows the detector stages 
to reduce the post-detection noise bandwidth. 


The ST-5000 autostart circuit senses the presence (or absence) of a 


valid teleprinter signal. If the input signal is not recognized as a tele- 
E printer signal, the printer is held in the ''mark-hold'! condition. If more 
than twenty seconds pass without recognition of a valid signal, the power 


to the printer motor is removed. 


As mentioned earlier, the tone keyer generates the same tone set as 
is used in the demodulator section to assure true ''transceive'' conditions. 
The tone keyer will also generate an additional narrow-shift tone that can 
be connected to an external keyer circuit for Morse code identification. 
All tones of the tone keyer are derived from a type 55 IC oscillator. The 
output signal is a low distortion sinewave generated in a digital-to- analog 
converter and then filtered in an active low-pass filter. A wide range of 
output amplitude (into 500 ohms) is available from the ST-5000, adjustable 
with an internal control. The shift of the tone keyer is controlled by the 
front panel SHIFT switches. The SENSE switch (NORM - REV) controls only 
the demodulator, not the tone keyer. 


The audio input to the demodulator and the audio output from the tone 
keyer are both 500 ohms unbalanced with respect to ground. The oscilloscope 
signals for a crossed-ellipse oscilloscope display are connected to a rear 
panel connection. The ST-5000 is furnished with a front panel tuning meter. 


Internal, electronically regulated + 12 volt power supplies provide op- 
erating voltages for the demodulator, control, and tone keyer sections of 
the ST-5000; a 175 volt, 60 ma. loop power supply is also included. The 
main power transformer of the ST-5000 can be connected for operation with 

>) either 105 to 125 VAC or 210 to 250 VAC, 50 or 60 Hz power sources. The 
power line fuse is accessable from the rear panel of the unit. The ST-5000 
requires approximately 20 watts of AC power and is housed in an attractive 


blue and beige cabinet that matches the HAL Communications DS-3000 and DS- 
4000 KSR and RO Video Display Terminals. © 


A complete set of connectors are furnished with the ST-5000 to simplify 
the initial installation. If you are anxious to try your ST-5000, it is 
suggested that you skip to sections 3.1 and 3.2 of the installation chapter 
and then read sections 4.1 and 4.2 of the operation chapter before turning 
the equipment on. The balance of this manual should then be studied before 
attempting any ''custom'' connections. 


2. SPECIFICATIONS 


Input Section: 


Data: Serial, tone-encoded data, up to 110 baud 
Input Amplitude: -60 to +20 dBm (approx. ImV to 10V rms) 
Input Impedance: 500 ohms, unbalanced 
Input Frequencies: 
''Low-tones''! Mark = 1275 Hz 
Space = 1445 Hz (170 Hz shift = ''NARROW'') 
Space = "2125 Hz-(S56 Hzeshi fe =e" WwldES) 
''High-tones'' Mark = 2125 Hz 
Space = 2295 Hz (170 Hz shift = ''NARROW'') 
Space = 2975 Hz (850 Hz shift = ''WIDE'') 
Discriminator Filter Bandwidth: 190 Hz 
Tone Keyer Section: 
Data: Serial data from loop circuit, up to 110 
baud 
Output Amplitude: Variable from -40 to 0 dBm (approx. 10mV 
to 1.00V) 
Output Impedance: 500 ohms, unbalanced 
Output Frequencies: Same as those given above for input sec- 
tion plus: 
) CW- 1D: 1175 Hz (''Low-tones''), key down 
2025 Hz (''High-tones''), key down 
Autostart Section: 
Print-control response: 2 to 4 seconds 
Motor turn-off time: 20 to 40 seconds 
Motor control: Relay switched power line voltage to acces- 


sory socket; up to 8.0 amperes (1/4 HP). 


Tuning Indicator: 0-1 ma front panel meter; rear panel con- 
nections to an external oscilloscope are 
provided. 


Mechanical Specifications: 


Size: 12 Loe We xe OD Xe2 AS yA GO! 
304.6) X97 0=0 xwyel> cm 
Weight: 5.75 |lbs (2.6 kg), NET 
7200 Sibs.' (382 ko) p6Shipping 
Finish: Two-tone, blue top over beige bottom, matches 
ST-6000, DS-3000 KSR and other current HAL 
; Products. 
yg Power Requirements: 105-125 VAC (210-250 VAC optional), 50-60 Hz, 
15 Watts 


3, INSTALLATION 


3.1 Initial Inspection 


Upon receipt of the ST-5000, unpack and inspect it carefully for ship- 


ping damage. If evidence of shipping damage is found, contact the carrier 
immediately. Before discarding the packing material, check that all parts 
and accessories are accounted for. If any are missing, please notify the 


factory or distributor in writing so that replacements can be supplied. 
The following parts and accessories are furnished with the ST-5000. 


Accessory parts: 


- Non-captive AC power cord 

- 6 ft. Audio cable, phono connectors each end 
- 3 pin female connector shells (03-09-2031) 

6 pin female connector shells (03-09-2061) 

- male cable pins (02-09-2143) 

- 0.5 ampere, slow-blow fuses 

6 ft - 2-conductor shielded cable 
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CAUTION! A SERIOUS SHOCK HAZARD MAY EXIST WHEN CONNECTING THE 
ST-5000 TO OTHER EQUIPMENT. BEFORE MAKING ANY CON- 
NECTIONS, BE SURE TO DISCONNECT THE ST-5000 AND OTHER 
EQUIPMENT FROM THE AC POWER LINE. 
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3.2,,Audio Connections 


Audio tones from the receiver as well as ST-5000 tones to the transmit- 
ter are both connected via the three pin AUDIO jack on the rear panel. It 
is highly recommended that the ST-5000 input be connected to a 500 ohm audio 
output from the receiver. Although the demodulator will work when driven 
from a lower impedance source (4-8 ohms, for instance), the voltage level 
from most receivers is insufficient to take full advantage of the wide sy- 
namic range of the ST-5000 input circuitry. Use of a 4 ohm output instead 
of a 500 ohm output causes a loss of 22 dB in the audio signal strength, 
which may impair the weak signal capabilities of the RTTY receiving system. 
If the receiver does not have a 500 ohm output, a 4 to 500 ohm transformer 
is highly recommended. 


The tone keyer output is also connected to the AUDIO connector. This 
output has a nominal source impedance of 600 ohms, but may be used to drive 


high impedance audio circuits as well. The output level of the tones is 
adjustable over the range of 0 to -40 dBm (1.0 V to 10 mV rms) as is de- © 
scribed later in section 4.7. 


an) 


Connections between the receiver and transmitter and ST-5000 can be made 
using the 6 ft. phono cable supplied. Cut the cable in half; connect one 
section between pins 1 and 2 (shield) for the receiver audio connection. 
Connect the other half between pins 3 and 2 (shield) for the transmitter 
audio input connection. Preparation of the plastic connector and pins is 
illustrated in Figure 3.1; connections to the AUDIO connector are shown in 
Piguress.2. 


3.3 Loop Connections 


The station RTTY equipment can be connected to the ST-5000 internal 
loop circuit through pins 1 (+) and 4 (-) of the 1/0 - CONTROL rear panel 
connector. The internal loop supply generates a 60 ma dc current flow for 
mark condition from a 175 volt dc power supply. If a polarity sensitive 
device such as a solid state keyboard or display generator is connected in 
the loop circuit, be sure to observe proper polarity connections. Prepara- 
tion of the plastic connector and pins is shown in Figure 3.1; some common 
loop connections are shown in Figure 3.3. 
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THE 175 VOLT LOOP POWER SUPPLY CAN CAUSE A LETHAL ELECTRICAL SHOCK IF 
CONTACTED. BE EXTREMELY CAREFUL WHEN CONNECTING EQUIPMENT IN THE LOOP 
CIRCUIT TO BE SURE THATSPOWER TOSTHE ST-5000 IS DISCONNECTED. BE SURE 
TO GROUND THE CABINETRY OF ALL EQUIPMENT CONNECTED IN THE LOOP CIRCUIT 
AND PROVIDE PROTECTIVE INSULATION FOR ALL LOOP CONNECTION POINTS. 


3.4 FSK Connections 


A low-voltage data output is also available on the 1/0 - CONTROL con- 
nector at pin 3, labeled ''FSK.'' This signal is derived from the loop cir- 
cuit and will provide approximately -15 volts on mark condition and +15 
volts on space condition. This signal is compatible with a RS-232C data 
standard and can be used to directly drive solid state display systems 
such as the HAL RVD-1005 or the DS-3000 KSR units. This signal can also 
be used to drive saturated diode FSK keying circuits. Preparation of the 
connector is shown in Figure 3.1 and typical FSK connections are shown 
in Figure 3.4. 


3.5 STANDBY Connections 


As explained in section 4.5 , the ST-5000 can be locked into a mark- 
hold condition where the loop (and FSK) data outputs do NOT respond to an 
audio input signal. This feature allows ''local loop'' operations such as 
preparing tape and transmitting while still using the loop supply of the 
ST-5000. This mode can be activated by either using the LOCAL position of 
the front panel LINE switch or by grounding the STANDBY pin (no. 2) of the 
1/0 - CONTROL rear panel connector. The REMOTE feature is generally con- 
nected to a pole of the transmit-receive switch or relay so that the de- 
modulator is disabled while transmitting. As before, refer to Figure 3.1 
when preparing the connector pins. 
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Figure 3.3 FSK Connections to the ST-5000 
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3.6 CW ID Key Cable Connection 


Pin 6 of the 1/0 - CONTROL connector is labeled ''CW-ID.'' Connect the 
station Morse code hand key or electronic keyer between this pin and ground 
(pin 5) to provide narrow-shift CW identification of the transmitted signal. 
When an electronic keyer is used, the output circuit for cathode keying 
should be used, instead of the grid-block keying circuit. In no case should 
the keyer reflect any negative voltage or positive voltages greater than +12 
to the ST-5000. 


3.7 AC Power Cord Connection 


The ST-5000 can be internally connected to operate from power sources 
in two voltage ranges: 105 to 125 VA€ or 210 to 250 VAC, 50 or 60 Hz. The 
rear panel power cord connector is of the ''universal'' USA/European type and 
mating power cords can be obtained for most common wall connectors. The 
ST-5000 is normally factory wired for operation from 105 to 125 VAC, 50 to 
60 Hz power lines. Upon request at the time of the order, the ST-5000 can 
also be supplied for 210 to 250 VAC, 50 to 60 Hz operation. When the 210 
to 250 VAC connection is supplied, it is indicated by a small tag on the 
rear panel of the ST-5000. If this tag is NOT on the rear panel, do NOT 
connect the ST-5000 to a 240 volt line without first checking the internal 
wiring of the power transformer. Particular attention should be given to 
the precautionary notes of section 3.8 when connecting to the MOTOR recep- 
tacle. 


3.8 Motor Power Connection 


The power for the teleprinter motor can be supplied by the MOTOR con- 
nector of the ST-5000. The power to this connector is controlled by the 
autostart relay. The TOTAL current supplied by this receptacle should not 
exceed 10.0 amperes. The following precautions should be observed when 
using the MOTOR receptacle: 


1. The power to the MOTOR receptacle is NOT fused in the ST-5000. 
The user should be sure that any device attached to this connector 
has its own fuse protection. 

2. The AC voltage furnished on the MOTOR receptacle is the SAME as 
the AC power line voltage supplied to the ST-5000; if the ST-5000 
is operated from a nominal 240 VAC power line, the MOTOR receptacle 
also furnishes 240 VAC. 


The proper power transformer primary connections are: 
105 to 125 VAC, 50/60 Hz: jumper terminal 1 to 3 and 2 to 4, connect 
power line to terminals 1 and 4. 


210 to 250 VAC, 50/60 Hz: jumper terminal 3 to 2, connect power line 
to terminals 1 and 4. 


3-6 


3.9 Ground Connection 


The ST-5000 cabinet should ALWAYS be connected to an adequate ground 
system. A three-prong grounding type AC power plug is furnished for con- 
nection to a grounded-outlet power system (105-125VAC connection). If the 
wiring of the building is correct, use of the grounding AC plug should pro- 
vide an adequate SAFETY ground return for the instrument. However, it is 
a good idea to first check the outlet wiring with a multimeter before plug- 
ging in the unit. If a three-prong AC outlet is not available, use a three 
to two-prong adapter at the wall socket and connect a separate ground lead 
between the adapter ground lead or ST-5000 cabinet and a good ground. When 
using 210 to 250 VAC power mains, be sure to connect the cabinet to a good 
safety ground. OPERATION OF THIS EQUIPMENT WITHOUT AN ADEQUATE SAFETY 
GROUND INVALIDATES THE WARRANTY. 


When the ST-5000 is used in a radio communications system that includes 
a high-powered transmitter, a short length of low-inductance wire (4'' wide 
shield braid is recommended) should be used to interconnect all equipment 
cabinets, including the ST-5000 and all teleprinters, etc. Lack of a good 
RF ground connection may cause false triggering of the logic in the control 
sections or other improper operations. Open-wire antenna feedline systems 
with high standing-wave-ratios can be particularly troublesome to solid 
state equipment. In such cases, changing the antenna, matching system, and/ 
or feedline to a matched coaxial line system will usually clear-up RF inter- 
ference. When good RF grounds and low SWR feed-lines are used, the ST-5000 
will work with even very high powered transmitter systems. 


Obviously, a great many other |I/0 and control connections can be made. 
The user should thoroughly study section 5 and understand how the various 
sections of the ST-5000 operate and interact before these connections are 
made. 


3.10 External Oscilloscope Connections 


The MARK and SPACE AC signals from the discriminator filters are avail- 
able on the rear panel SCOPE connector. The signals are approximately 2.0 
volts peak-to-peak amplitude into a recommended 100 k ohm minimum load impe- 
dance. The MARK signal is available on pin 3, the SPACE on pin 1, and signal 
ground on pin 2. 
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4,  OQPERATION 


The ST-5000 contains many advanced features designed to assure conven- 
ient operation. The operating instructions presented in this section wil] 
help you to take full advantage of the demodulator's capabilities. Please 
read all sections carefully. 


h.1 Front Panel Controls and Indicators 


The ST-5000 front panel has a total of five push-button switches that 
allow operator control of the demodulator. Normal operation of the demodu- 
lator with ALL automatic features active is obtained by depressing the four 
right-hand switches and selecting the desired shift with the far-left switch. 
These functions will be discussed in greater detail later in this section 
and in section 5. Table 4.1 describes the front panel switches. 


Table 4.1 ST-5000 Front Panel Controls 


SWITCH POSITION FUNCTION 
POWER ON = OFE Controls AC power to ST-5000 
LINE Allows received data to drive printer 
PRINT 
LOCAL Locks printer in mark for ''local-loop'' operation 
AUTOSTART ON - OFF Turns autostart circuit on or off 
NORM Normal signal polarity; mark = lower tone 
SENSE 
REV Reverse signal polarity; mark = higher tone 
NARROW Selects 170 Hz shift 
SHIFT 
WIDE Selects :8508Hz shitt 
The rear panel connectors have been discussed in detail in section 3 and 


internal adjustments will be discussed in detail later in this manual. 


4.2 Simplified Operation Procedure 


The following procedure is suggested for those operators who are anxious 
to try the ST-5000 without reading the rest of this manual. 


1. Prepare audio input and printer cables as described in sections 3.2 & 3.3 
and connect the unit to a receiver and printer or display. Do NOT 
connect a transmitter without reading the rest of section 4 of this 


) manual. 


2. AFTER CONNECTIONS ARE MADE, plug-in the ST-5000 and other equipment 
and turn on the AC power to each. 


3. Set the ST-5000 switches as follows: 


POWER = EN 

PRINT Sea Ne 

AUTOSTART - OFF 

SENSE - NORM 

SHIFT - select desired shift 


4. Set the receiver to LSB mode and tune to a FSK RTTY signal. (Ap- 
proximately 3600 kHz at night and 14,100 kHz during the day are 
good frequencies to look for 170 Hz shift radio amateur RTTY sig- 
nals at 60 WPM). 


5. Tune the receiver dial until the tuning meter deflects up-scale to 
approximately 0.6 to 0.7 and has minimum fluxuation as the signal 
changes from mark-to-space. (If an oscilloscope is connected, tune 
for perpendicular ellipses on the screen). 


6. The printer should now print the received signal. If it doesn't, 
try reversing the SENSE switch or selecting different speeds on the 
printer or display. 


7. NOW, read the rest of this manual! 


4.3 Reception of Radio Teleprinter Signals 


Radio teleprinter signals are usually generated in two forms: direct 
shifting of the transmitter carrier frequency by the mark and space tele- 
printer data (called ''FSK'') or by shifting the frequency of audio tones with 
the data and using the audio tones as modulation in either an AM or FM trans- 
mitter (called ''AFSK''). FSK transmissions are usually used in the HF fre- 
quency range, below 30 MHz and AFSK is the normal technique for VHF trans- 
missions, above 30 MHz. A currently popular method used to transmit FSK 
signals is to apply the frequency-shifted tones as modulation to a single 
side-band (SSB) transmitter. Since a properly adjusted SSB transmitter 
signal is the same as that by direct FSK, a separate RF frequency for mark 
and space data conditions. Reception of such signals is therefore exactly 
the same as if direct FSK had been used. Use of this technique will be dis- 
cussed in greater detail in section 4.8. 


4.3.1 Receiver for FSK Reception 


The performance of the ST-5000 depends to a great extent upon the char- 
acteristics of the receiver used and the care taken in tuning the FSK signal. 
Obviously, the better suited the receiver, the better the quality of the 
printed displayed output. Some of the desirable receiver characteristics 
and features are: 


1. The receiver should preferably be of the SSB type with selectable 
sideband. Standard convention is to use LSB mode for FSK reception. 
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2. The frequency stability of the receiver should be very good - a 
small amount of drift when receiving a 170 Hz shift signal can 
cause poor print from even very strong signals. 


3. The tuning ratio of the main tuning knob should be slow to allow 
precise adjustment of the FSK signal into the receiver. 


4. The selectivity of the receiver should be slightly greater than 
the shift to be received: for 850 Hz shift, a bandwidth of 1200 
to 2100 Hz is adequate; for 170 Hz shift, a bandwidth as narrow 
as 400 Hz can be used. Two limitations should be kept in mind, 
however; the narrower the bandwidth, the greater the frequency 
stability requirements on the receiver, and wider bandwidths per- 
mit more interference and noise to be processed with the FSK signal. 


5. A ''slow'' agc with fast attack and slow decay is very desirable when 
receiving FSK signals. 


6. As mentioned in section 3.2, a 500 ohm audio output connection or 
speaker to 500 ohm transformer are highly recommended for connec- 
tion to tthe ST-5000 Input. 


7. An adjustable BFO frequency or adjustable pass-band tuning are very 
desirable features for reception of FSK signals. 


Proper positioning of the receiver's BFO with respect to the IF pass-band 
and the FSK signal is particularly important. The standard convention when 
transmitting HF FSK signals is to transmit mark data at the higher RF fre- 
quency and space at the lower. The separate mark and space RF frequencies 
are both received within the receiver IF pass-band and mixed in the product 
detector with the BFO to produce audio tone beat signals which then drive 
the ST-5000. Since the audio filters of the ST-5000 follow the demodulator 
standard of mark being the lower frequency audio tone, it follows that the 
BFO of the receiver should be HIGHER in frequency than the FSK signal. 
However, if the signal is inadvertantly tuned-in using USB (upper side-band) 
mode, the sense can be corrected with the SENSE switch on the ST-5000 front 
panel. 


The receiver BFO frequency positioning also determines the RANGE of 
audio frequencies that can be detected and used to drive the ST-5000. The 
normal SSB receiver has generally been designed for optimum performance 
with voice signals with a typical audio frequency pass-band of 300 to 2400 
Hz. However, the so-called ''standard'' demodulator audio tones have been 
2125 Hz for mark with the space tone higher in frequency by the amount of 
the shift received. For 170 Hz, both the mark (2125 Hz) and space (2295 Hz) 
tones fall within the 300 Hz to 2400 Hz pass-band, although they are not 
centered. However, the 850 Hz shift space tone at 2975 Hz is not detected 
for all but the strongest FSK signals. Obviously, the 850 Hz shift FSK 
signals are NOT compatible with the usual SSB receiver if the ''standard'! 
demodulator tones are used. There are two solutions commonly applied to 
this problem, both of which are usable with the ST-5000. 


One solution is to simply change the receiver BFO frequency so that 
the audio pass-band of the receiver is changed to, say 1500 Hz to 3600 Hz, 
which will pass all of the ''standard'! demodulator tones, centering the pass- 
band on the 850 Hz shift signal. In this case, the BFO frequency should be 
changed so that it is FARTHER AWAY FROM THE CENTER OF THE IF PASS-BAND by 
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approximately 1000 to 1400 Hz. If the receiver BFO is adjustable, this is 

a simple solution. However, many modern SSB receivers do NOT have adjusta- 
ble BFO's; rather, the BFO may be crystal controlled. In such cases, the 
BFO crystal should be changed for one of the correct frequency as determined 
above. Alternately, the second solution, outlined below, may be used. 


The receiver audio pass-band problem can also be solved by changing the 
tones used by the demodulator for detection of mark and space. This tech- 
nique, commonly referred to as ''low-tones'' allows direct use of a voice SSB 
receiver with no internal modifications to the receiver. The ST-5000 can be 
furnished with filters designed to accept a mark frequency of 1275 Hz and 
therefore space frequencies of: 1445 Hz (170 Hz shift) or 2125 Hz (850 Hz 
shift). In some cases, this can be the best solution. However, as discussed 
in the next section, it can lead to a basic incompatibility when receiving 
AFSK VHF signals as well as presenting some transmitter problems. The 
ST-5000 can also be adjusted for special sets of input tones between 1200 
and 3000 Hz on special order. 


4.3.2 Receiver for AFSK Reception 


The receiver requirements for AFSK reception are not as exacting as 
those for FSK reception. Since the teleprinter data is an AFSK modulation of 
the transmitter, receiver stability is not generally critical. However, 
since the data is in the form of audio frequency modulation, the frequency 
of the tones is determined at the transmitter and cannot be changed at the 
receiver by simply adjusting a BFO or similar control. The current VHF-AFSK 
standards in use by radio amateurs in the United States use the higher-fre- 
quency ''standard'' tones of 2125 Hz for mark and 2295 or 2975 Hz for space, 
depending upon the shift used. Therefore, a demodulator with ''low-tone'' 
input filters will NOT be compatible with reception of current VHF-AFSK sig- 
nals. As in the case of the FSK receiver, a 500 ohm audio output is cer- 
tainly desirable, but may not be as important to performancy, particularly 
if strong-signal VHF-FM signals are used. 


4.3.3 Tuning a RTTY Signal 


Tuning of the radio receiver for optimum recovery of the teleprinter 
signal is an operation which may require some practice. Two alternate tuning 
aids are usable with the ST-5000; the standard tuning meter and a user sup- 
plied external tuning oscilloscope. The tuning objective is to adjust the 
receiver tuning so that the output audio tones match the center frequencies 
of the ST-5000 filter circuits. 


The tuning meter functions in exactly the same manner as that used on 
the previous HAL models ST-5 and ST-6 demodulators. Portions of the signals 
from both the mark and space discriminator filters are positive rectified, 
filtered and summed. The resulting ''plus-plus'' voltage is used to drive 
both the tuning meter and the autostart circuit. The amplitude of the ''plus- 
plus'' voltage, therefore, depends upon how well the mark or space tones are 
centered in the discriminator filters. Correct tuning of the receiver is 
indicated by an up-scale meter deflection that fluxuates very little as the 
RTTY signal changes between mark and space. The ST-5000 circuits are ad- 
justed so that proper tuning is indicated by a non-varying reading of 0.6 
to 0.7 on the meter. Note that the meter may give widely varying readings 
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when noise, interfering signals, or incorrectly tuned RTTY signals are re- 
ceived. However, it will ONLY give the non-varying, up-scale indication 
when the RTTY signal is properly tuned. 


An external oscilloscope can also be connected to the ST-5000. The 
oscilloscope presents the standard crossed-ellipse display with the mark 
Signal on the horizontal axis and the space signal on the vertical axis. 
Because the discriminator filters in the ST-5000 (like those of the ST-5 
and ST-6) are relatively broad-band, the mark and space scope displays are 
NOT lines, but ellipses. The ellipses are fairly narrow when 850 Hz shift 
is received and wider when 170 Hz is selected. When the RTTY signal is 
correctly tuned, the ellipses will have maximum length and be essentially 
perpendicular. The major axis of the ellipse is ALWAYS the parameter to 
observe and maximize. When the signal is incorrectly tuned, the amplitude 
of the major axis will be reduced and the two traces may be rotated and/or 
no longer perpendicular. After using the tuning oscilloscope, the user 
will discover that, in many cases, the trace positions and amplitudes can 
be used to determine which direction the receiver dial should be adjusted 
for correct tuning. 


Proper tuning adjustment of the receiver is much more critical when the 
autostart circuits of the ST-5000 are active than when they are not. This 
is because the autostart circuitry senses the ''plus-plus'' voltage which is 
quite sensitive to.the centering of the signals in the discriminator fil- 
ters. However, if the autostart is not active, the relatively broad band- 
widths of the discriminator filters themselves will allow good reception 
of even poorly tuned RTTY signals. A good operating procedure, then, is 
to turn the autostart OFF (with the front panel switch) while tuning a 
signal. When the signal is correctly tuned, the autostart can be activated, 
if desired. This technique is highly recommended for operators who are un- 
familiar with the ST-6 and ST-5000 autostart circuits although, with prac- 
tice, you may prefer to tune with the autostart circuit on to avoid the 
garbled print while tuning. Tuning when the autostart is active requires 
experience and faith in the tuning indicators since there is a delay of 

1.5 to 3.5 seconds after correct tuning is achieved before the printer is 
activated. 


The above tuning procedures in general apply only to the reception of 
FSK RTTY signals. Receiver tuning of AFSK-AM or FM signals will obviously 
not affect the frequency of the tones. Therefore, tuning of the receiver 
is not at all critical for AFSK signals. The tuning meter or oscilloscope 
will indicate the match between the transmitted audio tones and the ST-5000 
discriminator filter rather than correct receiver tuning. Obviously, the 
frequencies of the transmitted tones must match the discriminator filters 
fairly well for satisfactory autostart operation. Most problems with AFSK 
autostart systems can be traced to either off-frequency transmitter tones 
or mis-alignment of the demodulator. 


4.4 Use of the SENSE Switch 


The SENSE switch allows the ST-5000 to receive signals with either the 
normal polarity of mark=lower frequency or the reversed sense where mark= 
higher frequency tone. ALL features of the ST-5000 function equally well 
for either signal polarity. This reverse position is convenient if the 
signal has been inadvertently tuned-in using USB rather than LSB receiver 
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mode. ONLY the discriminator filter frequencies are controlled by this 
switch; the tone generator sense is NOT switchable. 


4.5 Use of the PRINT Switch 


There are many occasions in which it is desirable to turn-off the re- 
ceived data to the teleprinter loop circuit and just use the internal loop 
supply to operate the RTTY machines at the station. Operations such as 
local testing of equipment or preparation of punched paper tape are typical 
examples. When the PRINT switch is in LINE position, data from the receiver 
is allowed to key the loop circuit. When the switch is in LOCAL position, 
the loop keyer stage is held in mark condition and received data will NOT 
drive the loop. The demodulator can also be held in LOCAL position by 
grounding the STANDBY line on pin 2 of the I/0 CONTROL connector. 


4.6 Use of the Autostart Circuitry 


The ST-5000 autostart circuit operates in a manner very similar to that 
of the ST-6000, ST-5 and earlier TT/L and TT/L-1! demodulators. The auto- 
start provides a two-step control of the printer - mark-hold and control of 
the AC power to the printer motor. The autostart circuit senses the voltage 
on the ''plus-plus'' line, which is, as described previously, proportional to 
the frequency match between the signal tones and the discriminator filters. 
lf both mark and space tones are not sensed in the discriminator, the ''plus- 
plus'' voltage remains at a low average value and the autostart circuit will 
be in the standby condition, giving a continuous mark output. After the 
autostart has remained in the standby or mark-hold condition for 20 seconds 
(nominal), the power to the MOTOR AC socket on the rear panel is turned off 
with an internal relay. If valid mark and space tones are now sensed in 
the discriminator, the ''plus-plus'' voltage will increase and activate the 
autostart after a delay of 3.5 seconds. The AC power to the MOTOR connector 
is now switched on and the data is allowed to drive the loop. Immediately 
after the tones turn-off at the end of a transmission, the autostart returns 
the data to mark hold, completing the cycle. 


Because of the turn-on delay inherrent in the autostart, it is recom- 
mended that tuning of the RTTY signal be done with the AUTOSTART switch in 
the OFF position during initial testing of the ST-5000. After the operator 
has some practice in tuning the receiver, he may then wish to leave the 
autostart circuit ON, remembering to account for the time display of the 
autostart. 


The autostart trigger voltage level on the ''plus-plus' line is adjusta- 
ble with a potentiometer mounted on the control circuit board inside the 
ST-5000 cabinet. The potentiometer is located almost in the exact middle 
of the circuit board and can be identified as a 250k pot near the letters 
"AS" on the circuit board. This control is normally set at the factory to 
trigger the autostart on all signals giving a tuning meter reading of 0.6 
and higher. The user may adjust this control to fit his own requirements. 
If the autostart sensitivity is set too close to the noise level, false 
printing may occur on noise or interfering signals; if set to too high a 
level, the autostart may not trigger on all but the strongest signals with 
exactly correct shift. Experience will determine the optimum setting for 
a particular system. Notice that the ''plus-plus'' voltage and therefore 
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autostart sensitivity are directly proportional to the degree of match be- 
tween the signal tone frequencies and the center frequencies of the discrim- 
inator filters. It may therefore be difficult to set the autostart sensiti- 
vity and receiver tuning to respond to signals with improper frequency shift. 
Also, if the transmitter OR receiver should drift, the signal tones wil] 

soon no longer match the discriminator filters, causing the autostart to 
"shut-down.'' If drifting is a problem, the receiver should either be moni- 
tored often and manually retuned as required or the autostart should be 
switched OFF. 


4.7 Tone Keyer Circuit 


The ST-5000 includes a tone keyer that is very similar in design to 
the previous HAL model XTK-100 tone keyer board. All mark, space, and 
CW-ID tones are digitally synthesized from a type 555 IC oscillator. Unlike 
previous tone keyers, the ST-5000 CW-ID tone is generated at 100 Hz BELOW 
the mark tone instead of above. This further reduces the chances of falsely 
triggering the autostart of the receiving demodulator, even when 170 Hz shift 
is used. The tone keyer is driven from the loop derived FSK output signal. 
The tone output amplitude can be adjusted over the range of 0 to -40 dBm 
(approximately 1.0 V to 10 mV across 500 ohms) with an internal potentiometer. 
The amplitude is adjusted with the ''OL'' potentiometer, located on the rear 
of the circuit board. Although the output impedance of the tone keyer is 
500 ohms, virtually any load impedance from 500 ohms to several megohms can 
be driven by the ST-5000. It is NOT necessary to terminate the audio output 
connector in a 500 ohm load. 


4.8 Transmitting Radio Teleprinter Signals 


As mentioned previously in section 4.3, radio teleprinter signals are 
generated by either shifting the transmitter RF frequency with the data (FSK) 
or by modulating the transmitter carrier with audio tones whose frequencies 
are shifted by the data (AFSK). Usually, FSK transmission is used for radio 
frequencies lower than 30 MHz and AFSK above 30 MHz. The ST-5000 can be 
used to receive AND transmit both FSK and AFSK types of signals. 


4.8.1 Transmitting FSK Signals 


There are two different techniques that are normally used to generate an 
FSK teleprinter signal. The simplest method involves direct shifting of the 
frequency of an oscillator stage in the transmitter. Typically, the data 
signal is used to turn on or off a diode switching circuit that effectively 
increases the oscillator tuned circuit capacitance on space, thus lowering 
the transmitter frequency for space condition of the data. A typical diode 
keyer circuit is shown in Figure 3.3. Note that the FSK data output is 
ideally conditioned for this application. Further information on this type 
of circuit can be found in a current edition of the Radio Amateur's Handbook 
(AARL, Newington, Conn.) or in the Radio Handbook (Ore, Howard W. Sams, Inc., 
Indianapolis, Ind.), or other text on radio transmitters. The standard radio 
amateur polarity convention is to make the mark frequency higher in fre- 
quency than the space frequency, although a number of exceptions are to be 
found, particularly in commercial applications. 


A second technique to generate FSK uses a SSB type of radio transmitter. 


The AFSK tone output from the tone keyer is used as the audio modulation for 
the transmitter. Since a properly adjusted SSB transmitter suppresses one 
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sideband and the carrier of the AM signal, the RF output for a single fre- 
quency tone input is simply an RF carrier, displaced from the original 
carrier frequency by the tone frequency. When the tone frequency changes, 
the RF output frequency also changes by the same amount. Historically, 
the audio tone standard has been to designate mark as the lower frequency 
AUDIO tone and space as the higher. Thus, to achieve ''normal'' FSK RF out- 
put with mark as the higher RF frequency, the LSB (lower sideband) mode is 
used in the SSB transmitter (and receiver as explained in section 4.3). 
This technique is often mistakenly called the ''AFSK-SSB'" or simply ''AFSK''! 
method. However, the end result is exactly the same as if the transmitter 
were directly frequency shifted by the data and ''FSK'' is the true descrip- 
tion of the RF signal generated. 


At first glance, this SSB method is very attractive; it requires no 
internal modification to the transmitter and can use readily available SSB 
transmitters. However, there are a number of precautions that must be 
traced to the basic fact that SSB transmitters have been specifically de- 
signed to transmit voice signals and the performance and specifications are 
optimized for voice applications. The first conflict in specifications is 
in the duty-cycle rating of the transmitter. The duty-cycle of the typical 
voice is at best 50% (less compressors, etc.) while a RTTY transmission has 
a 100% duty-cycle. SSB transmitter power amplifier stages are usually de- 
signed to take advantage of the reduced duty-cycle of a voice signal to 
produce relatively high output powers in small enclosures with proportion- 
ally smaller power supplies. If the same SSB transmitter is operated in 
RTTY service at full voice ratings, the output amplifier and/or power sup- 
ply will usually fail. Therefore, the SSB transmitter rating must usually 
be reduced by at least 50% when 100% duty-cycle RTTY transmission is used. 
There are a few commercially available SSB transmitters that will accomo- 
date RTTY at full power, usually with the addition of a blower or heavy- 
duty power supply. The user should carefully check the rating of his SSB 
transmitter before using it in RTTY service. 


Another problem often encountered when the tones are used with a SSB 
transmitter is very similar to the BFO-passband problem previously discussed 
in section 4.3.1. Since the SSB transmitter is designed to transmit the 
voice frequency range of 300 to 2400 Hz, it follows that some of the stan- 
dard ''high-tones'' will NOT be transmitted, particularly the 2975 Hz space 
tone for 850 Hz shift. As with the SSB receiver, there are two ways to 
solve this problem, shift the carrier oscillator frequency with respect to 
the filter passband, or use lower frequency tones. The same procedure used 
to change the receiver BFO frequency can be used to change the transmitter 
carrier oscillator frequency. This may even be less convenient to do in 
the transmitter than the receiversince it usually involves changing a cry- 
stal in the transmitter. Use of the ''low-tone'' set of keyer frequency is 
always the simplest solution. However, use of the ''low-tones'! should be 
done with care for the following reasons: 


1. SSB transmitters generally have no more than 55 dB of carrier re- 
jection when properly aligned. If the balanced modulator has not 
been recently re-adjusted, the carrier rejection may well be no 
more than 25 to 35 dB. Transmission of a small amount of carrier 
with a SSB voice signal is not usually objectionable. However, 
when the SSB transmitter is used to transmit RTTY signals, the 
unsupressed carrier is now a spurious emission which is illegal 


4-8 


and may cause receiving problems. In general, the carrier supres- 
sion and adjustment stability of a PHASING-TYPE of SSB transmitter 
is even worse and this type of transmitter should NOT be used to 
generate RTTY signals. 


2. When the ''low-tones'' are used, the mark frequency is 12/75Hz. If 
there is any distortion in the SSB transmitter audio or modulator, 
the second harmonic may be generated, causing radiation of still 
another spurious signal. 


3. The present convention for AFSK-VHF transmission of RTTY signals 
in the United States is to use the ''high-tones,'' 2125 Hz mark and 
27 Oo eOr 2975 Hz space tones. A demodulator set-up for ''low- 
tones'' is NOT compatible with this application. 


Conversely, if the transmitter carrier oscillator is shifted so that 
the standard ''high-tones'' can be used, the carrier rejection is greatly in- 
creased, audio distortion products generated in the transmitter do NOT fall 
within the transmitter filter passband, and the demodulator is then usable 
for BOTH FSK and AFSK applications. Note that 170 Hz shift with "'high- 
tones'' can be used without changing the transmitter carrier oscillator 
since both 2125 Hz (mark) and 2295 Hz (space) fall within the voice pass- 
band. However, the carrier rejection will be no better than it is for a 
voice transmission. Alternately, the following points FAVOR the use of the 
''low-tones:'! 


1. The current IARU international standards call for use of ''low- 
tones.'' 


2. The ''low-tones'' have been successfully used in commercial and mil- 
itary applications for some time with satisfactory results. 


3. If the precautions noted above regarding carrier rejection and 
transmitter audio distortion are observed, the total system per- 
formance using ''low-tones'' can be just as satisfactory as a system 
using 'high-tones."' 


The ''optimum'' choice between the two tone sets will vary with the application 
intended and the preferences of the user. It is hoped that the previous dis- 
cussion will help alleviate some of the confusion that exists concerning the 
use of ''low'' vs ''high-tones.'' 


4.8.2 Transmitting AFSK Signals 


Transmitting AFSK RTTY signals is much simpler than FSK signals. It is 
usually only necessary to connect the tone keyer output to the transmitter 
audio input, adjust the tone level, and transmit. Again, however, the duty- 
cycle rating of the transmitter should be considered. In particular, most 
VHF-FM transmitters are designed for intermitant duty and may NOT permit ex- 
tended RTTY transmissions without reducing the transmitter power. 
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5, ST-5000 Circuit DESCRIPTION 


Virtually all of the ST-5000 circuitry is constructed on a single circuit 
board which is then linked to the cabinet with plug-in connectors for rear pa- 
nel connections, the motor relay, the loop resistor, and power transformer 
connections. The circuitry of the ST-5000 is illustrated in the block diagram 
of Figure 5.1, the schematics of Figures 5.3 and 5.4, and the layout drawings 
of Figures 5.5 and 5.6. Schematic diagram symbol conventions are shown in Fi- 
gure 5.2. Refer to these diagrams for the following discussion. 


5.1 Input Limiter Stage 


The audio input tones from the station receiver are amplified and limited 
in operational amplifier I1, a type 709 with fast-response compensation. Ad- 
ditionally, two silicon diodes are placed across the input to prevent damage 
to the demodulator by very high-amplitude audio signals. This stage is simi- 
lar to that used in both the earlier ST-5 and ST-6 demodulators. 


5.2 Discriminator Filters 


Separate mark and space discriminator filters are constructed of two high-Q 

active filters, one filter for each tone. These filters are specifically 

designed for broad band-width, linear phase response to assure optimum signal 
recovery in the face of noise as well as to minimize phase distortion of the 

signal. The mark filter center frequency remains constant for all selected 

shifts while the space filter center frequency changes with the shift switch. 
Two type 1458 dual operational amplifiers are used in the discriminator filter; € 
the filters are patterned after those used in the HAL ST-6000 Demodulator. 


5.3 Discriminator Detectors 


The signals from the mark and space discriminator filters are detected in 
separate active detector circuits that use another 1458 IC (14). The active 
detector circuit avoids the normal non-linearities and offset voltages of sim- 
ple diodes and gives precision rectification of the AC signals over a wide dy- 
namic range of input amplitudes, reducing the distortion on received signals 
as well as extending the dynamic range of receivable signals. The combination 
of the high-gain, wide-bandwidth limiter, the broad-bandwidth separate dis- 
criminator filters and the active discriminator detector circuits produces ex- 
ceptional demodulator performance for a wide range of input signal amplitudes 
and distortion. 


5.4 Meter Amplifier and Detectors 


A portion of both the mark and space filters are also rectified by IN270 
germanium diodes, filtered, and amplified by an emitter-follower (MPS3394). 
The resulting signal is of positive polarity for both mark and space signals, 
the amplitude depending upon the frequency match between the input signal and 
the discriminator filters. This ''plus-plus'' signal, as in the ST-6 and ST-6000, 
drives a tuning meter as well as the autostart circuit. 


5.5 Active Low-pass Filter 


Both sections of a 1458 are used in a three-pole active low-pass filter 
that follows the discriminator detector stages. The cut-off frequency of 
this filter is set to approximately 82 Hz to minimize noise on the signal 
while still allowing use of the ST-5000 at data rates up to 110 baud. This 
stage is similar in design to that of the ST-6 and ST-6000 demodulators. 


5.6 Slicer Amplifier and Keyer Stages 


One-half of a 1458 operational amplifier is connected as a high-gain 
clipping amplifier to produce fast rise-time keying pulses for mark and 
Space conditions. The input of the amplifier can be switched for either 
inverting or non-inverting operation by the front panel SENSE (NORM - REV) 
switch, allowing the polarity of mark and space tones to be interchanged. 
The slicer directly drives a type 2N5655 high-voltage switching transistor 
which can then be connected to key the 175 VDC loop supply. The input to 
the 2N5655 can also be placed in a mark-hold condition by signals from either 
the autostart or standby circuits through the 1N4148 OR-gate diodes. 


5./ Autostart Stage 


The ''plus-plus'' signal is a maximum when BOTH mark and space received 
tones match the center frequencies of the ST-5000 discriminator filters. 
This voltage is further integrated or ''delayed'' and then applied to half of 
a 1458 amplifier (16) which functions as a threshold detector. When a sig- 
nal is correctly tuned-in, the ''plus-plus'' voltage goes to a maximum non- 
varying condition and gradually charges the electrolytic capacitor at the 
amplifier input. After 2 to 4 seconds, the threshold of the amplifier is 
exceeded, causing the output to go negative. This negative signal turns ''on'' 
two PNP dc amplifiers (MPS6518's), turning on the motor relay. When the RTTY 
signal is lost, the ''plus-plus'' voltage decreases, after 2-4 seconds the out- 
put of 16 goes to a plus voltage, putting the keyer stage into mark-hold 
through the 1N4148 diode. The input to the PNP relay drivers slowly rises 
as the electrolytic capacitor charges until the drivers turn-off, de-energiz- 
ing the motor relay after 20 to 40 seconds. The Keyer stage can be put into 
mark-hold and the motor energized manually through the Remote Standby rear 
panel connection. Connecting the Remote Standby terminal to ground puts the 
keyer in mark-hold and turns-on the motor. 


5.8 Tone Keyer Stages 


The AFSK tones of the ST-5000 originate in a type 555 IC oscillator (17). 
The oscillator frequency (8 times the output frequency) is controlled by the 
2700 pf silvered mica capacitor and the selected charging resistor. Types 
MPS3394 and MPS6518 transistors provide resistor switching for space or CW-ID 
data conditions. Different space resistor chains are selected by the front 
panel SHIFT switch to allow separate adjustment of each tone. As in the 
ST-6000, the CW-ID shift feature of the ST-5000 shifts the mark tone DOWN, 
rather than up, thus preventing false triggering of autostart circuits, es- 
pecially with 170 Hz shift. 


The pulse output of the 555 drives the 4024 counter (18) whose outputs 


are combined in exclusive-OR gate 19 (4030) to synthesize an 8-step sinewave 
approximation. A type 1458 (110) is then used as an active low-pass filter 
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to remove the harmonic components of the synthesized signal. The other half 
of 110 serves as an output amplifier stage. The gain of the amplifier is ad- 
justable (OL=Output Level) to allow output amplitude adjustment over the range 
of -40 to O dBm. 


5.9 Power Supply 


The ST-5000 uses IC voltage regulators (111 and 112) to produce the +12 
and -12 volt supplies required for the operational amplifiers. A separate 
175 volt, 60ma loop power supply is part of the ST-5000 demodulator. A volt- 
age that varies from negative on space to positive on mark is derived from 
the loop supply with resistor dividers. This ''FSK'' voltage is controlled by 
the loop current and drives the AFSK tone generator and can be connected via 
the rear panel connector for a variety of applications as explained in sec- 
tion 3.4. Unloaded, the ''FSK'' signal may swing from -15 volts on mark to +15 
volts on space; with loading, the voltage swing will be reduced. 


The ST-5000 power transformer can be connected for either nominal 120 or 
240 VAC, 50/60 Hz power line voltages. The 120 VAC connection is shown in 
Figure 5.4. To change a unit from 120 to 240 VAC operation, remove the jum- 
pers from between transformer pins 1 and 3 as well as from between pins 2 and 
4; add a jumper between pins 2 and 3. Do not change the other connections to 
the transformer. Note that the MOTOR accessory socket will provide the same 
voltage as that of the input power line. 


5.10 User Adjustments 


There are a total of eleven trimming potentiometers on the ST-5000 cir- 
cuit board, most of which are factory adjusted and should NOT require further 
alignment. All controls are shown and labeled on the schematic and layout 
diagrams; the circuit board is likewise labeled with a two-letter abbreviation 
of the function name; for example, MS for Meter Sensitivity, AS for Autostart 
Sensitivity, and OL for Output Level. In general operation it should not be 
necessary to adjust any controls except these three - complete realignment 
should be performed by authorized personnel. 


To set the Meter Sensitivity (MS control), tune a station in for a maxi- 
mum meter deflection on the mark tone (1275 or 2125 Hz). Now adjust the MS 
control for a meter reading of 0.7 ma. Retuning the signal for space tone 
should again cause a meter deflection of 0.7 ma. 


The Autostart Sensitivity (AS control) is set by first setting the MS 
control on the mark tone as described above and then detuning the receiver so 
that the meter deflection decreases to 0.6 ma. Control AS is now set so that 
the autostart just trips, indicated by monitoring the voltage output on pin 1 
of 16 (test point E). The test point E will change from a high positive vol- 
tage (approximately +10 volts) to a similar negative voltage (-10 V) when the 
autostart activates. Either a zero-center voltmeter or dc oscilloscope can 
be used to monitor the test point. 


The Output level (OL control) of the AFSK generator section should be 
set to produce the desired amount of modulation in the transmitter. If the 
desired setting of the control occurs at the lower end of the rotation, it is 
probably a good idea to use two resistors to make a 5 or 10:1 voltage divider 
of the AFSK output and then increase the control setting to compensate. 


552 


©») The other controls should not generally require alignment. It is particu- 
larly recommended that controls SB (Space Balance), WR (Wide Receive), NR (Nar- 


row Receive), and MR (Mark Receive) not be adjusted since they are interacting 
adjustments that affect the discriminator filter adjustment. Control LB (Limi- 
ter Balance) adjusts the output of I1 (test point A) for zero volts dc with no 
input signal; controls MT (Mark Transmit), NT (Narrow Transmit), and WT (Wide 
Transmit) allow adjustment of the AFSK tone frequencies. Using a counter, ad- 


just the mark tone first. 


5-4 


@ | l 9 S : ¢ z 1 


OFC? ‘ON AS ddV 


Qian Aa Nua 


POS] LE 'S\ "Hedy Suva 


WHVUIWIA AVONA Maands 
OOOS-LS ; WAaMoa 
V& AUNO\A 


toeta §=s SIONI TTI ‘wNVaUuN ‘Soc XOE 
*dB#OO SNOILYWOINNIWWOS IWH 


DarsitaaY 


AQDANWLS 


Ao NBALIA 


Adit LSOLAY 


¢ LAD 
%@ ANY 
ok ie 


Baila 
S30 -Mo1 


Baran yarns ; waa [orany] 
DWOLIANNOD ‘ WOLImMsS 

MOUANMOD - 0/2 aSNas Sx0is3i3aa pele eae! 

NO1IS1IDasa ADASNIWIBIDSIAa 


AS ddV 
‘(T ef ‘f° AB NG 


Saav906 Z2t61'Lt'Mav 3iva 


SNOMAMTAUID ONIMNaA OS 
QOS =, 
T'S AUAD\A 


tosis = SIONITTI ‘vNVeUN ‘s9¢ xoEg 
"dwOD SNOILVIINNWWODS IVH 


(2H SLY\ 2 WOtAD SANOL NAAN SALONA - 
(2H SIV = ASW) SanolL HIN Satonad - 
'AR YDBMONNPA SAaNIVdA WOrasisaa 
SJi\LAMOMLIAAWS - 9a-A 
WOW wannrs - WS 
WMytAuUr -AAW 
QA d/IIBIS ASIMABHLO SSZAINA 
DiWtWxAD THY BSAQL/IHdva ~4y 
SMNOLLIANNOD 
ANIOA 1SAaL Aavoan ODIAIDFIIS ASIMAAHLO ssatna 
MY Buy SYOLSISad 44 
@) 


(S1190A OD 
NOIMLDANNOD 
ONATDAD 


- 


NA1DANNOD ON 


ROaLor 
AUD BA\SNAWDXA 


NOLL? ZNNOD 
AT\ + ‘ANC NOILOANNOO 


8 d 9 S 4 € 2 T 
A@ ddV 


Oa C Aa Nua 
LLBI' DI Aas 


NOVDVAS AA\ADALR 
OOOG-1S 
e'°S AUoys\A 
lost = SIONITTI ‘vNVSYN ‘S9E xO8 
"dwOD BNOILVIINNWWOS IvH 


PV \ T LIAISNAS 
815958 BrIyni | , i warsu 
oas 


(SW 


AwBMVLSoins yOERSA | 
(sv. 


t “ w-> [ =e fam) 
Pi £33 | | aan ak 
My -—= ; Wi a0.W 


LN WAVES = MO*Bs N 
eed) 
A BADdIS nal 


<5 fis 
= ; f ; 
25 A Yot 'ALBS ec; 
TOLUNt] OLUN! NA, == 3 : a Ny / 
= 


ee aS 5 
| JONNY ; 
awas Ad OOLY 


ae] 


a Tare AWE YVwmeriens Ges) 

| | | } / 

Cs CY BONIS 
Daa iat 

oe 


¢ i+ 
(Ct) Sieh 


[rea] 


L4 80024 


Vo Ss OOLA %\'nL' Be 4-AT\ WAST) anaras 
H-AGE H-‘\ Aya 


aN 


8 


Yh, 9 G v € cA T 
7 ze) Ag ddV 
V2r ZIV N "GT cot 7 AG NYG 


a ee 
MAAAAS WARADMA ANY 17378 {5\)— 
NOVLIAS LUWSNVaAL OCOS-1S ' 

v'G AnaD\aA 

SIONITTI ‘yNvaYyN ‘s9¢e xog 


‘aeOD BNOILYVIINOWNOS IVH 


Ast 
lostg9 


3015 eae 


Tay Y 


DAL 
:St YWiwee ANY 


ana 
“NGSt 
WigL NO YNIBBOWOAN Nia nC ees es 


ul 

QBwAAdtaol Aw 
EwrT SNia BDAwWwHoasnywmwar 

“NOMIUWSIAD AOTY HOA 


i} ALON 


SVIYN\ 


- Gene vs 
Ferm oY 
Av’? 
MOBBUN $ 


BISISAW 
eA 


PAGS 
(s05 - 
“MAAS 2ndine 


4-Yo\'AG OS Pir 
H- Mi NSL\ 


V¥OLZSAW 


1-9AW ICO’ 'H- Aw 1000 -Yy 


Jy AoOLisvdv7 
LIADAO 
aks eS ‘ “ « ‘ ’ a 

Ba SEKI 1-GI'NGOS H-Bi yal! -F¢ 


‘ ‘ AN ia “site eS ex yee et 
108t9 — SIONITTI ‘vNv@un ‘Ss9¢ xO eae a) ee ASS 


"dwHOD SNOILVIINAWNOS IVH - : 1-7¥OCUC '1#-ATCET - Ar 
4-FWLy 'H-7Ed - Ya 


W-AL'a ‘Honea - By 


4-AG'S + H-ADS 
A> aL GN DID 


cr 
BIMALAVIA “OSM OA | 


SRWADt LPAL OS => 


MWBOLSIGaUM dODN ANY 7 x Gee 
DANUGCASNVAL é Z mattis lea eaeeee 


Oa AWOLDANNOD 
*VIT 
abl A12ISMNAS LUNLS9LI9 - Sd 


CO 


abe 


ae 
Pi 


AL: AQINSNAS ABLIAN-SW 


Y- WG) H-WG 


iar ce eu AINSNHea AAIaara-LM 
AWMSBWD WE LOW 


Qi YOLSANNOD 


M-H70S wW- MOS 
AIWNSNYBML MOwBanNn -_LN 


Me WASH 
OSOFY 
6 = 


M-715 SH NS'Y 
LNA SN DE PADMA - AW 


1-005 ' WH- O05 
BMNBDIAW AdMNA -ymM 
Sicepetra Sy ve 
BANZ9AU MOBBEYUN - UN 


“-HS'T ‘ wWh-~Al 
AADBOBY ABww - Bw 


(2)100: 


$Aco \WIin- 


=) 


-dSOD 
\ OND 
ED) ae 2 
pA iid) Nat 
{i+ ADE. — 
MDL NOD 
(f) West 
(\) Bvas 
(gs) LddLag 


( 


(4) 
‘Ss 


8 
; Ag ddV 
6r11E ON Co Aa Nua 


ONITOIM GNY LIOKW 
LAaNIaVO™=O9COS=XS 
FES we NOS 4 


1ostg = SIONITTI ‘WNVSYN ‘S9e xOE 
"dwOD BNOILVIINNWWOO I”WH 


aWy7 SAA DLINS 
Qa “ 
poo 
L = 
3 F ae 
Biaw | x tate ___. Be ee | 
ss | wassisay 3 A —— = a a 
3 hed 
sycog Pee SRT TTT YT i 
5 = ax | a. 
\ © | 
io 
VOLS! Sa > e277 {meen t 
2 OMY 0 PIAA SN 
| 
ae HOULIANNDD | 
CryMvog 
ail 9) SOM 
WALBREI ary 
KVIDW WOW 
\ OL POLDANNOD 
@ 
a ‘\ 
A 
(©) 
Hie) 
A. = 
Se; Ae a, 
fet i iw < VY, 
| = 
i LB all 
c j [ | oo ee, 
2 ae | ; Lf 5 bs i 
v UOLOW 
“1OAN29'Y asaa Ong MOBLNOD adore oan 
-O/2 
8 dZ 9 S v € 4 


HAL COMMUNICATIONS CORP. cq 
P.0. BOX 365 
URBANA, IL 61801 


LIMITED WARRANTY 


HAL Communications Corp. of Urbana, Illinois, hereby warrants to the original pur- 
chaser only that any new equipment manufactured by HAL Communications Corp. shal] 
be free from defects in materials and workmanship for a period of one year from 
the date of original purchase. In the case of parts kits, this warranty applies 
only to materials and not to workmanship in kit assembly. 


In the event of a defect in materials or workmanship during the warranty period, 
HAL Communications Corp. will, at its own expense, repair the defective unit and 
replace any defective parts. Costs of shipping the unit to HAL Communications 
Corp. shall be paid by the purchaser, as weli as costs of removal and reinstalla- 
tion of the unit. HAL Communications Corp. will bear the shipping costs incurred 
in returning the unit to the purchaser. 


To obtain service under this warranty, the original purchaser should do the fol- 
lowing: 

1. Notify, as soon as possible, the Customer Service Department at HAL Com- 
munications Corp., Urbana, Illinois, either in writing or by telephone, 
of the existence of a possible defect; 

2. At the time of notification, identify the model or serial number, the ap- 
proximate date of purchase, the place of purchase, and the possible de- 

fect: € 
Hold the unit until a written return authorization is received. 

Return the unit, freight prepaid, upon the receipt of the written return 
authorization. 


Pw 


Correct installation, use, maintenance, and repair are essential for proper per- 
formance of this product. The purchaser should carefully read the technical manu- 
al. 


This warranty does not apply to any defect which HAL Communications Corp. deter- 
mines is due to any of the following: 

1. Improper maintenance or repair, including the installation of parts or 
accessories that do not conform to the quality and specifications of the 
original parts; 

2. Misuse, abuse, neglect, improper installation, or improper operation (in- 
cluding operation without a proper safety ground connection) ; 

3. Accidental or intentional damage. 


All implied warranties, if any, are limited in duration to a period of one year 
from the date of original purchase. Some states do not allow limitations on how 
long an implied warranty lasts, so the above limitation may not apply to you. 


HAL Communications Corp. disclaims any liability for incidental or consequential 
damages arising out of the use of, or inability to use, this product. Some states 
do not allow the exclusion or limitation of incidental or consequential damages, te 
so the above limitation or exclusion may not apply to you. 


This warranty gives you specific legal rights, and you may also have other rights 
which vary from state to state. 
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SPECIAL CABLING INFORMATION 
HAL COMMUNICATIONS CORP, 


lf you are making your own cables for interconnection of a HAL video terminal, 
HAL demodulator, and a radio transceiver (or transmitter/receiver separates), 
the following information may pertain to you. 


The following transceivers, and possibly other similar rigs that contain solid- 
State switching circuitry, may require the circuit shown in Fig. 1 as part of 
the cabling between the transceiver and the HAL equipment: 

ICOM: YAESU: TEN-TEC: KENWOOD: 

LG7 0 Vanes 0.4 OMNI-D TS-180 

1C720 FT101ZD OMNI-C TS-120 


IN400I 


CW 1D 


TXCVR. 
(cathode 
keyed) 


CATHODE CW KEYING OUTPUT 


FIG.1 


Some transceivers, when used in systems containing the ST5000, may require the 
addition of the circuit in Fig. 2. If your system operates okay in CW, but will 
not receive when placed in the ASCII or Baudot mode, and disconnection of the 
transceiver mic plug corrects the problem, chances are that this circuit is 
required. The transceivers listed below require this circuit: 


YAESU: 1COM: 


FT301 1C701 
1C720 


ST5000 


————- STANDBY 


VIDEO 
TERMINAL 


FIG. 2 
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2 RF-INDUCED PROBLEMS 


HAL Communications equipment is designed to operate in close proximity 
to radio frequency transmitting and receiving equipment. Particular attention 
has been paid to the shielding of circuitry through the use of all-metal enclosures 
and good common grounds. However, under certain conditions in an rf-saturated 
environment, HAL equipment may be susceptable to rf-induced interference. This 
may manifest itself in any of a number of ways, such as partial or complete lack 
of response to operator commands, or erratic behavior of a video display.. 


The first thing that should be checked if rf problems are suspected is 
the ground system. The transmitter should be properly grounded for rf (in 
addition to electrical ground) and all other station equipment grounds should 
be connected to the transmitter chassis. The rf ground should consist of a 
short length of heavy copper wire or braid terminated at a good earth ground 


(ground rod or copper cold-water pipe). If a water-system ground is used, be 
sure that the pipes are 100 percent metal from the point of connection to the 
water mains -- plastic plumbing will break the ground path. If the distance 


between your transmitter and ground rod or water-main ground is more than a 
quarter wavelength at the highest operating frequency, make the ground wire a 
half wavelength, or a multiple of a half wavelength long. If you plan to operate 
on 10 and 15 meters you may need to run a separate ground wire for each band if 
the distance requires the use of half-wavelength wires. For example, if the 
distance from the ground point exceeds about 8 to 10 feet, a 10-meter half-wave 
ground wire (16 feet long) and a 15-meter half-wave ground wire (22 to 23 feet 
long) would be used. Consult any of the amateur handbooks or antenna books for 

a more in-depth discussion of grounding techniques. 


The best way to confirm that a problem is being caused by rf induction is 
to temporarily eliminate the source. This may be done in stages, starting with 
a partial reduction in exciter drive, and ending with transmitter shut-off. 
Since rf energy can be induced in the demodulator or video terminal circuitry 
through several different paths, connecting the transmitter to a dummy load may 
not eliminate all rf related problems, although this is an excellent first step 
in verifying rf problems. 


Radiation of rf energy from linear amplifiers, antenna tuners, coaxial 
switches, monitor scopes, and interconnecting coax-cable jumpers is also possible. 
In fact, it is this type or radiation that is most likely to be coupled into 
nearby |/0 and power cables going to HAL equipment. To locate the point or 
points of radiation, experiment with different cable arrangements to see if the 
rf-induced problem can be eliminated by reducing coupling between any of the 
HAL cables and nearby coaxial lines carrying rf power. Fig. 1A contains several 
cable arrangements, both bad and good, showing how to keep rf coupling to a 
minimum. The drawing in Fig. 1B shows the use of high-mu (950 or 2000) ferrite 
toriods or rods to choke the flow of rf on audio and control lines. 


If cable rearrangement doesn't yield positive results, then begin 
eliminating pieces of equipment and sections of coaxial cable until the trans- 
mitter is connected directly into a shielded dummy load. As each piece of 
equipment is removed from the transmission line, check to see if the rf-related 


problems have diminished or disappeared. If the rf problem persists with the 
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See 


RF-INDUCED PROBLEMS (CONT.) 


exciter connected directly to a dummy load reduce the drive level to see if 
that eliminates the problem. 


If operation into a dummy load does not significantly reduce the rf- 
related problems, disconnect all 1/0 cables from the affected piece of HAL 
equipment. Test operation of the unit while it is connected only to ac power. 
At the same time, enable the transmitter so that it sends a CW signal into a 
dummy load. If rf problems are still present, then rf energy is probably being 
introduced to the HAL equipment circuitry through the power cord by means of 
the common ac power line. This is usually indicative of poor ac-line filtering 
in the radio transmitter power supply section. Fig. 2A shows a common bypass- 
filter method used in many transmitters. The drawing in Fig. 2B depicts a 
brute-force ac-line filter that can be added to transmitters or other equipment 
to eliminate the flow of rf on power lines. 


Rf-induced problems that cannot be cured, or ones that appear not to be 
the fault of inadequate transmitter filtering should be referred to HAL factory 
Customer-Service personnel. In cases where this is not feasible, or where station- 
rearrangementis necessary to affect complete elimination of rf problems, the 
information in the following section may be of some help. 


Zi MINIMIZING RF-RELATED PROBLEMS THROUGH ANTENNA SELECTION 


In addition to the liberal use of rf bypassing capacitors on station 
equipment, the use and deployment of certain antennas will offer reduced levels 
of rf in the radio room in many cases. Whenever possible, use resonant Yagi, 
quad, dipole, or vertical antennas. Try to achieve a good impedance match 
at the antenna instead of relying on an antenna tuner. Random-length wire 
antennas and others that require tuning from the shack are more likely to create 
high levels of rf within the vicinity of the operating position. 


The location of the transmitting antenna with respect to the radio room 
also has an effect on the rf energy that is coupled into interconnecting cables. 
Apartment dwellers may have the most difficulty achieving a good installation 
since many times an indoor antenna is the only type allowed. When this is the 
case, locate the antenna as far away from the operating position as possible. 
Where outdoor antennas are allowed, they should be placed as high as practicable. 
Not only will this provide optimum reception, but it will also reduce the level 
of rf in the shack -- all other factors being constant. Excellent antenna install- 
ation information can be found in radio & electronics handbooks and antenna theory 
and construction booklets, as well as in articles published in electronics 
periodicals. 


In most situations, coaxial cable feed line is preferred over open-wire, 
twin-lead or single-wire type feed systems as its self-shielding property reduces 
the chance of unwanted rf coupling. 
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ANTENNA SELECTION (CONT, ) 


Rf energy may also be conducted back to the station by coupling of rf 
between the antenna and the outside shield braid of the coaxial cable feed. 
The use of a balun on a center-fed dipole fed with coaxial cable may also help 
reduce coupling, and therefore reduce interference. An rf choke constructed 
by winding five or six turns of coaxial cable in a coil approximately six inches 
in diameter may also help reduce the flow of rf currents on the outside of the 
coaxial-cable braid. If such a choke is used, it should be wrapped with elec- 
trical tape to hold the windings together, and be secured as close as possible 
to the feed point of the antenna. 


Try to dress the coaxial cable feed lines so that they drop perpendicular 
to the antenna wire, and not parallel to the radiating portion of an element. 
In some cases, it may be necessary to run the coaxial cable straight to the 
ground and bury it for the run to the transmitter to reduce the coupling 
between the outside shield braid of the coaxial cable and the antenna. If 
there is a moderate SWR on the line, try adjusting the coaxial cable length so 
that a low impedance (high feed current) is presented to the transmitter. This 
may help reduce the level of rf in the vicinity of the transmitter. 
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IlO-VAC TO EQUIPMENT AC 
IN POWER WIRING 


IlO-VAC 
OUT 


IlO-VAC 
[IN 


SHIELDED 
~~ ENCLOSURE 


= LOL PUREUre Bes (aPC col, ml ius ola Wha Oe NEN x whit 
C=0.00IpF, 500 WV DISC. 


TRANSMITTER L=AIR-CORE COIL; 20 TURNS OF 
ENAMELED COPPER WIRE 
CHASSIS GND CLOSE WOUND ON 3/8" FORM. 
(B) 
FIG. 2 -- (A) Simple rf-bypass method used in many transmitters. 


(B) Brute-force ac-line filter that can be added to 
reduce or eliminate the flow of rf on the power line. 


POOR WORSE CORRECT BEST 


ea FEEDLINE 


TIE WRAP 
x 2a PERPENDICULAR 


CONTROL WIRES 
AND COAX IN 
CLOSE PROXIMITY 
AND PARALLEL. 


PLACE RF CHOKE CLOSE TO REAR PANEL OF EQUIPMENT 


HIGH-MU FERRITE FERRITE ROD 
TOROID CORE WIRES CLOSE-SPACED; SINGLE LAYER 


A B 


FROM oi HAL 


TRANSMITTER EQUIPMENT 


(B) 


FIG. 1 -- (A) Cable arrangements, showing ways to reduce rf coupling. 
(B) Use of high-mu ferrite toroids and rods to choke the 
flow of rf on audio and control lines. 
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ANSWERS TO OFTEN-ASKE 


“WHY WORK RTTY?” 


RTTY is one of those quickly growing ‘specialized’ forms of amateur 
communications. The attraction to its devotees is probably a mixture of the 
magic of modern digital communications coupled with the convenience of 
written rather than coded or voice communications. If you participate in 
the popular autostart nets, it’s not even necessary to be home when receiv- 
ing a RTTY message—the printer or display will record the text for you to 
read at your convenience. RTTY is very popular among “‘rag-chewers”’ and 
“engineers” alike; in fact, you get to do a bit of both. The rapid growth of 
digital electronics has carried over to both RTTY and the 
new home computer hobby. ASCII communications be- 
tween ham computers lacks only final FCC approval. If 
your “bag” is chasing DX, what could be more satisfying 
than a DXCC certificate for all RTTY? There are several 
DX RTTY contests sponsored every year with heavy par- 
ticipation. So, rather than ask “Why?” ask “How?” 


“WHAT DO I NEED TO WORK RTTY?” 


A ham RTTY station needs a transmitter, receiver, and 
antenna just like any RF communications system, in 
addition to some “special boxes” to make the RTTY part 
work. Some considerations for the equipment are out- 
lined below: 


1. RECEIVER - TRANSMITTER 


The RTTY receiver and transmitter (or transceiver) 
should be stable, well calibrated, and capable of EX- 
TENDED TRANSMITTER OPERATION. When you 
are transmitting RTTY, the full carrier is on for longer 
periods of time than for CW or SSB voice. So, check 
your manual and manufacturer for RTTY specifica- 
tions and, if in doubt, reduce transmitter power 
somewhat. For HF work, a good SSB rig in LSB mode 
works well with RTTY tones (more on tones, later). 
Most VHF-FM transmitters work with RTTY, but 
avoid overloading the transmitter as mentioned 
above. 


2. ANTENNA 


A good antenna will buy you the same benefits in 
RTTY as it does in other modes. One caution though, 
the traps on some antennas may not handle as much 
power in continuous RTTY operation as they do for 
CW or SSB voice. This can especially be true of trap 
yagi antennas for the HF bands. 


3. RTTY DEMODULATOR 


The demodulator connects to the receiver audio out- 
put and converts the RTTY tones to keying pulses. 
The quality of your printed signal is determined more 
by demodulator performance than by any other por- Gnd 
tion of the system. Demodulators come in all shapes, 
sizes, and prices. HAL offers the feature-packed 
ST-6000 with active filters, scope, autostart, anti- 
space, ATC, DTH, and KOS, as well as the lower cost 
ST-5000. The popular ST-5 and ST-6 parts kits are 
also still available for the skilled technician. 


4. TONE KEYER 


The tone keyer circuitry converts the keying pulses 
from your keyboard into audio tones to drive the 
transmitter. Since this circuitry is closely related to 
that of the demodulator, both are supplied in the 
same cabinet in all HAL demodulators. 


5. TERMINAL 


The terminal is the device that prints or displays the 
received signals while allowing you to type your 
transmitted message. The terminal is sometimes 
divided into a keyboard and a printer or display sec- 
tion. The terminal can be as simple as an old surplus 
TTY machine or as exotic as the microprocessor con- 
trolled HAL DS3100 ASR terminal. An important 
feature of HAL Communications terminals is that 
ALL HAL RTTY EQUIPMENT IS LOOP COMPATI- 
BLE WITH TTY MACHINES. This means that you can 
add HAL electronic equipment to your RTTY system at any time. The 
advantages of the HAL electronic terminals are many; ranging from 
lack of noise and oil (keeps the XYL happy and your nerves soothed) to 
automatic operator features such as real-time editing of typing errors, 
programmable identification message, and automatic carriage return/ 
line feed operations. Also, the speed of the electronic terminal is easily 
changed with a front-panel switch. Machines require an expensive gear 
box or a manual change of gears to change speed. HAL offers the 
DS3100 ASR and the new DS2000 KSR terminals. The. DS3100 ASR, 
DS2000KSR, and the earlier DS-3000 KSR all work the standard ASCII 
computer code as well as the normal amateur BAUDOT code. 


TRANSCEIVER 


ST-6000 
DEMODULATOR 5. CONTROL CIRCUITS 


DS3100 ASR 
TERMINAL 


“HOW DO I HOOK IT UP?” 


Probably the most frightening thing to the RTTY beginner is the thought 
of all those wires that must be connected to make it work. A particularly 
complicated RTTY station can have a real “rats-nest” of wires, but it didn’t 
start that way. Make connections in a logical and step-by-step manner and 
all will work well. All transceivers are slightly different, but, in general, you 
will have to make these connections: 


1. GROUNDING 


ANTENNA Before making any other connections, decide ap- 


proximately where your equipment will be located 
and run short, low-inductance ground wires (shield 
braid recommended) between the cabinet grounds of 
all equipment AND MACHINES. Do not defeat the 
AC safety ground on the HAL power cords; run sepa- 
rate RF grounds in addition to the AC safety ground. 
LACK OF ADEQUATE RF AND SAFETY GROUNDS 
CAUSES MORE PROBLEMS IN RTTY INSTAL- 
LATION THAN ANY OTHER SOURCE. 


2. RECEIVER TO DEMODULATOR 


Use shielded cable to connect a 500 ohm audio out- 
put of the receiver to the demodulator audio input 
jack. If you do not have a 500 ohm output, the 4-8 
ohm speaker output will work, but not as well; a 
speaker to 500 ohm line transformer would be a good 
part to add when possible. 


3. TONE KEYER TO TRANSMITTER 


Use shielded cable to connect the tone keyer output 
of the demodulator to the transmitter audio input. 
Often, a rear-panel ‘‘phone-patch” or “auxiliary” in- 
put is provided. If not, connect directly to the micro- 
phone connector. 


4, DEMODULATOR TO TERMINAL 


Use shielded cable to connect the terminal to the de- 
modulator. Use the current loop connection for 
each. When connecting to a solid-state terminal, be 
sure to observe the proper polarity as indicated in the 
operator’s manuals. Be extremely careful when 
wiring the loop circuit—potentially lethal voltages 
are present when the equipment is turned on (200 
VDC @ 60 ma). Also, be sure that no part of the loop 
circuit is connected to chassis ground in machines or 
other equipment. All RTTY equipment is connected 
in series when the current loop output is used. 


Keyer 
Output 


Since the control requirements differ with manufac- 


Loop turer, study your transceiver manual carefully to 
eee determine how to control the transmit-receiver func- 


tion. Usually, you can control the push-to-talk (PTT) 
line through a pin on the microphone connector, a 
front panel switch, or a rear panel accessory connec- 
tor. Initially, try to manually switch between transmit 
and receive until you are familiar with RTTY opera- 
tion. Eventually, you will probably want to take 
advantage of the automatic Keyboard Operated 
Switch (KOS) feature of the DS3100 ASR and 
ST-6000. KOS is the RTTY equivalent to VOX; typing 
on the keyboard puts you into transmit mode. If you 
pause long enough, the KOS “‘drops-out” putting you 
back into receive mode. KOS is particularly conven- 
ient for short exchanges. 


“WHAT IS THIS MARK AND SPACE BUSINESS?” 


The RTTY signal from the terminal is a series of 
pulses. The amateur BAUDOT RTTY signal has 7 possi- 
ble pulses for each character typed or printed, each 
transmitted one-after-another (serial). Each pulse can 
be either “ON” (current flow in the RTTY loop) which 
is called “MARK” or “OFF” (no current flow), the 
“SPACE” condition. To keep decoders synchronized, 
the first pulse of a character, the START pulse, is always 
a SPACE (current off); the last pulse, the STOP pulse, is 
always a MARK (current on). The 2nd through the 6th pulses can be either 
MARK or SPACE, depending upon the coding required for a character. The 
START and all 5 data pulses are the same length; the STOP pulse may be 
either equal to or longer than the others. The so-called computer ASCII 
code uses START and STOP pulses but has eight instead of five intermedi- 
ate data pulses, thus allowing a greater number of characters to be en- 
coded. Although all machines and HAL electronic terminals use pulses, the 
MARK and SPACE pulse conditions are converted into MARK and SPACE 
audio tones for easy radio transmission. 


) QUESTIONS ABOUT RTTY 


“WHAT IS THE DIFFERENCE BETWEEN FSK AND AFSK?” 


Transmitting RTTY signals via radio could be done like Morse code with 
on-off keying of the transmitter carrier. However, the interference received 
during off-times would give badly distorted printout. Rather, HF RTTY is 
transmitted with Frequency Shift Keying (FSK) so that the mark pulse con- 
dition corresponds to one radio frequency and the space to another. Ama- 
teur radio convention has it that the mark radio frequency is higher than 
space and that the separation or “shift” of the signal is standardized at 170 
Hz or 850 Hz. (425 Hz shift is also used by commercial RTTY stations.) 
Most present-day amateur RTTY stations use 170 Hz 
shift exclusively. The FSK signal is received with the 
BFO turned on, giving two audio frequency tones for the 
mark and space conditions. The audio tones are, in turn, 
detected in the demodulator and the resulting pulses 
drive the display or printer. Note that changing the 
transmitter or receiver frequency (on purpose or through 
frequency drift) will change the audio output frequency 


demodulator and keyer for both HF and VHF operation, it should be set-up 
for HIGH-TONE operation. Conversely, you may wish to have separate 
stations for HF and VHF, simplifying the cabeling, and providing simul- 
taneous monitor/operation capability, as well as resolving the tone prob- 
lem. The HAL ST-6000 and ST-5000 Demodulators are available for either 
HIGH or LOW-TONE operation. 


“WHAT FREQUENCIES DO I USE FOR RTTY?” 


HF RTTY Operation has evolved to heavy operation 
on the 80 and 20 meter bands (CW segments) with spo- 
radic operation on other HF bands. 80 meter RTTY sta- 
tions tend to operate between 3600 and 3650 kHz and 
20 meter stations between 14.075 and 14.100 MHz. 170 
Hz shift is used almost exclusively with mark being the 
higher radio frequency. 60 wpm (45 baud) is the most 


if ; cee 
to the demodulator. The HF system is therefore quite Ss M pePuie ey speed, but 100 wpm (74 baud) is gaining 
drift sensitive. Present HF equipment frequency stabili- FSK RTTY Laie RTTY operation Pree cee rane tere ancentrared On 
ties are quite adequate for FSK RTTY, but it is only very 2 meter FM with 146.700 MHz being the popular oper- 
Feed) Une Ne CeaiUlsyantem weal vatliie ila ating frequency. Virtually all stations are now using the 
stability. Therefore, VHF RTTY has traditionally been erin tones @ usualivewith: 170) Az shifts AS with HE 
transmitted by first keying audio tones with the RTTY way 60 ee (45 ace We en lacon Vileasonme 
pulses and then using these tones as the audio modula- ee bere RTTY-only re oe ere 10/146 70 
tion of an AM or FM VHF transmitter. This is called ) \ MH ete 
AFSK for Audio Frequency Shift Keying. Current ama- a 
teur convention is to make the mark audio frequency vi ” 
lower than the space frequency by the amount of the 3 MC M 5 : WHO DO I TALK TO ON RITY? 


shift. Since the RTTY data is audio modulation of the 
carrier, frequency drift of either transmitter or receiver 
is a lot less critical. The audio frequency of the tones 
transmitted is set to be the same as those in the receive 
demodulator. 

The required radio frequency shift keying can be 
done in two different ways: shift the frequency of a 
transmitter oscillator directly with the RTTY pulses or 
use a SSB transmitter with audio tones. Direct FSK key- 
ing circuits are described in most amateur journals and 
are generally simple, but require modification of the 
equipment; generation of FSK with a SSB transmitter is 
as follows: If a Lower Sideband Transmitter (LSB) is 
driven with a 2125 Hz audio tone, the RF output of the ms 
transmitter will be at a frequency 2125 Hz BELOW the 
suppressed carrier frequency. A properly adjusted LSB 
transmitter will have NO OTHER output frequencies. If 
the input tone is changed to 2295 Hz (170 Hz shift), the 
RF frequency is now 2295 Hz BELOW the carrier fre- 
quency. Thus, audio tones into the LSB transmitter have 
produced FSK carriers out of the transmitter. Note that, 
because the LSB mode was used, the 2125 Hz standard 
mark tone for VHF AFSK has become the higher radio 
frequency. Thus, the same demodulator and tone keyer 
can be used for both VHF AFSK and HF FSK operation. 
Often, this use of audio tones with a SSB transmitter is 
mistakenly called ‘“HF AFSK’” —actually the resulting 
output is true FSK, IF the SSB transmitter has no spuri- 
ous outputs (such as carrier or unwanted side-band). 
Most HF RTTY amateur radio stations use audio tones 
with a SSB transmitter. Although “‘standard’’ audio 
tones for VHF amateur operation have long been 2125 
Hz for mark and 2975 Hz for space (850 Hz shift), lim- (LSB) 
ited audio frequency response of HF SSB transmitters 
and receivers has recently given rise to a second set of 
“standard” tones at lower frequencies (‘‘Low-tones”’). 


“HOW ABOUT HIGH- VS LOW-TONES?” 


Historically, demodulator tones were set to 2125 Hz 
for mark and 2975 Hz for space reception of 850 Hz 
shift. When transmitter stability improved, 170 Hz shift 
was used and the space frequency changed to 2295 Hz 
(mark remained at 2125 Hz). These three tones were, 
and still are, a standard for U.S. Amateur RTTY. How- 
ever, in the early 1960's, virtually all commercially 
available transmitters and receivers became filter-type 
SSB equipment with audio pass-band limited to speech frequencies, some- 
times as narrow as 2.1 kHz (300 to 2400 Hz). Obviously, the 2975 Hz (850 
Hz shift Space) tone will not pass-through such a filter and 850 Hz shift 
with these tones is not possible (although the 170 Hz shift is). Therefore, 
either the SSB equipment must be modified or different, lower-frequency 
tones must be used if 850 Hz RTTY shift is desired. Both approaches have 
their advantages and both are currently in use. The so-called ‘“LOW- 
TONE” standard sets mark at 1275 Hz and space at 1445 Hz (170 Hz shift) 
or 2125 Hz (850 Hz shift), conforming to the European IARU standard. So, 
there are now two sets of “standard” tones, LOW and HIGH (as well as a 
myriad of others), all of which work INTERCHANGEABLY on HF RTTY. 
However, since the actual audio tone is transmitted for VHF AFSK opera- 
tion, the two sets are NOT COMPATIBLE IN VHF AFSK applications. Cur- 
rent U.S. Amateur operation uses the HIGH TONES for VHF. Thus, to use a 
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FSK RTTY 


RTTY enthusiasts run the full range of ages and inter- 
ests, but tend to be technically inclined. The typical 
RTTY’er is always modifying his station, likes to talk, 
and usually has more ideas than you have printer paper 
(or display screen)! Some operators are good typists; 
most aren’t. The DS3100 ASR letters-fill and editing 
modes make even a poor typist look good. Recently, the 
home computer hobby has become quite popular with 
RTTY people and you may find a lot of help in debug- 
ging your programs if that’s your interest. There are an 
increasing number of DX stations on RTTY. 


“HOW MUCH DOES IT COST?” 


RTTY is like any other hobby —it can cost as much or 
as little as you want it to. If you buy used machines and 
build kits or your own designs, the total RTTY cost can 
be quite low. Conversely, the DS3100 ASR and ST-6000 
offer an ULTIMATE RTTY station that is expensive. Be- 
cause all of the HAL RTTY products are current loop 
compatible, you can add devices as your interests (and 
pocketbook) indicate. For the beginner, HAL has the 
following recommendations: 


1. DEMODULATOR 


Assuming you already have a good transceiver and 
antenna, your first major RTTY purchase should be a 
good demodulator. The HAL ST-5000 makes a par- 
ticularly good, cost-effective unit. If you select a 
high-tone ST-5000, it will be usable for either VHF or 
HF (170 Shift) RTTY operation; if you are only inter- 
ested in HF RTTY (for short-wave-listening to press 
stations, for example), the low-tone unit may be a 
better choice. Conversely, you may wish to ‘‘jump- 
in’ and get the ST-6000 from the first. Either way, put 
high priority on a GOOD demodulator. 


2. TERMINAL 


You can spend very little or a lot on the terminal. A 

surplus machine can often be acquired at a hamfest 

for little cash investment. However, by the time you 

figure out how it works, fix it, and buy parts and 

ANT manuals the total cost may not be so low. If you do, 

you’d better be prepared with tools, oil, and pa- 

tience. Newer machines require less work, but also 

cost more. On a feature-for-feature basis, either the 

new DS2000 KSR or DS3100 ASR are more cost effective than other termi- 

nals presently available. Certainly a “solid” beginner’s RTTY station would 
be the DS2000 KSR and ST-5000. 

Some money-saving packaged “SYSTEMS” are offered for a limited time 
on the back page of this catalog. 
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ST-6000 RTTY Demodulator 
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Connect the ST-6000 between your transceiver and a HAL DS3100 ASR terminal and join in the fun of amateur RTTY. 
The ST-6000 provides outstanding recovery of HF RTTY signals, despite noise, interference, or weak signals. Deluxe 
features of the ST-6000 include a multi-pole active filter front-end, wide dynamic range limiter, either FM (hardlimiting) 
or AM reception, active filter discriminator and low-pass filters, and internal crystal-controlled AFSK tone keyer. The 
ATC (Automatic Threshold Control) and DTH (Decision Threshold Hysteresis) features minimize effects of selective 
fading and multi-path distortion of the RTTY signal. The ST-6000, available with either “Low” or “High” frequency tone 
sets, receives and transmits 170, 425, and 850 Hz shifts. Other features include internal loop supply, KOS (Keyboard 
Operated Switch) circuit, autostart, antispace, oscilloscope tuning indicator, and a rear panel with I/O connections 
for super-flexible interfacing to all data handling equipment. All in all, the ST-6000 is everything you could want ina 


demodulator. 


SPECIFICATIONS 


Electrical 


Input Data and Rate: Serial Baudot or ASCII code, up to 110 baud. 


Input Impedance: 600 ohms, balanced, transformer coupled. 

Output Signals: 60 ma @ 175 VDC loop or low-level RS-232C. 
Note: An auxiliary loop keyer is available to key a second loop 

with an external loop supply. 

Miscellaneous Output: 
Discriminator output to external scope, pre-autostart and post- 
autostart data, keyboard operated switch (KOS), printer motor 
AC power. 

Autostart Response Time: Slow, 3.5 sec. Fast, 1.5 sec. 

Printer motor Dropout Time: 20 sec. + 10sec. 

Tuning Indicator: 1” scope. 

Keyboard Operated Switch (KOS): 
Transistor switch to actuate external circuits 
Rated + 25 VDC, 500 ma. 

Frequency of “Low-tone” pairs. 


Shift: 850 Hz 425 Hz 170 Hz 

Mark: W'S lini WA slr 225) iz 

Space: PAS) \ iq 72 1700 Hz 1445 Hz 
Frequency of “High-tone” pairs. 

Shift: 850 Hz 425 Hz 170 Hz 

Mark: 2125 Hz PAPAS) \ ia \72 2125 Hz 

Space: DEMIS \ialez 2550 Hz 2295 Hz 


CW ID shifts frequency of tone keyer down by 100 Hz. 


Audio Tone Keyer 
Input Signal: Dry contacts, EIA-RS-232C levels, or internal current loop, 
CW |ID hand key. 
Output Signal: 
Levels: variable from —40 dbm to 0 dbm 
Impedance: 600 ohm nominal, balanced. 
Distortion: All harmonics below the 9th harmonic are greater than 40 db 
down. 
Stability: Crystal controlled to +.05% 
Physical 
Cabinet Finish: Castle tan front and rear panel. 
Textured chocolate brown top, bottom and side panels. 
Cabinet Style: Table or 19” rack mount. 
Size: Table: 3.50H x 9D x 17 W (inches) 
8,9H x 22,8D x 43,2W (cm) 
Rack: 3.50H x 9D x 19 W (inches) 
8,9H x 22,8D x 43,3 W (cm) 
Weight: 12.0 lbs (5,45 kg) net, 15.0 lbs. (6,82 kg) shipping. 
Power: 105-125 VAC (210-250 VAC optional) 
50-60 Hz, 20 Watts. 


SU -6000 af. fee eee ee 0.0.6 0.4 Fie tee eet ee eter $659.00 


(Specify table or rack and high- or low-tones when order- 
ing.) 


ST-5000 RTTY Demodulator 


BIG RTTY PERFORMANCE pw 


FROM A SMALL DEMODULATOR 
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The HAL ST-5000 Demodulator provides excellent, reliable RTTY.performance on both HF and VHF bands. Features such 
as a hard limiting front end, active discriminator, and active detector make this unit a big value. Wide and narrow shift 
(850 hz and 170 hz), normal or reverse sense, autostart, self-contained high voltage loop supply, and an audio tone keyer 
are standard. Connect the ST-5000 to your transceiver and your HAL keyboard and video display and take part in the 


growing world of coded communication. 


Meee aaa 


SPECIFICATIONS 


Input Data and Rate: Serial Baudot or ASCII code, up to 110 baud. 


Input Signal: Audio tones in range 1200-3000 Hz. 
Input Impedance: 600 ohms, unbalanced. 


Output Signals: 60 ma, 175 VDC loop or low-level RS-232C. 


Discriminator output to external scope, printer motor AC power, remote 


standby line. 
Autostart Response Time: 2 to 4 seconds 
Printer Motor Dropout Time: 20 to 40 seconds 
Tuning Indicator: Front panel meter 
Frequency of “High-tone” pairs 


Shift: 850 Hz 
Mark: 2125 Hz 
Space: DMS \a\72 
Frequency of “Low-tone” pairs 
Shift: 850 Hz 
Mark: 1275 Hz 
Space: 2125 Hz 


170 Hz 
DA 2oakZ 
2295 Hz 


170 Hz 
(27S nz 
1445 Hz 


CW ID shifts frequency of tone keyer down by 100 Hz. 


Tone Keyer Output (Phase coherent audio tones) 


Levels: —32 dbm (20 mv nominal), variable from —40 


dbm to 0 dbm by internal control. 
Impedance: 600 ohm, unbalanced. 


Distortion: | All harmonics below the 9th harmonic are greater than 30 


db down. 


The tone keyer is equipped for the same tone pairs as the demodulator. 


Cabinet Finish: Light beige bottom, front, and rear panel. Textured blue top and side panels. 


Cabinet Style: Table mount. 


Size: 2.75H x 8D x 12W (inches) 
TOS 2030" x 305W (cm) 
Weight: 6.0 Ibs. (2,73 kg) net, 9.0 lbs. (4,10 kg) shipping. 
Power: 105-125 VAC (210-250 VAC optional) 50-60 Hz 20 watts. 


SUT IS EUR Sata AROS Oe OL eee OO ie Go Ce Ur eR $239.00 


HAL PARTS KITS 
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ST-6K ST-5K 


For the experienced technician, HAL still offers the popular ST-6 and ST-5 demodulators in “kit” form. The units are 
offered in two attractive packages; the ST-6K package that includes the demodulator, cabinet, crystal tone keyer (former 
XTK-100), and discriminators for all three shifts (170-425-850 Hz). The ST-6 features input bandpass filters, wide-dynamic 
range limiter, balanced discriminator, active low-pass filter, ATC, autostart, and antispace. The tone keyer of the ST-6K 
is crystal controlled assuring accurate tone frequencies at all times. The ST-6 cabinet is pre-screened and drilled. The 
ST-5K package includes the demodulator, autostart (former ST-5AS), audio tone keyer (former AK-1), and Bud 2110 Mini- 
box for use as a cabinet. The ST-5K package features a wide-dynamic range limiter stage, balanced discriminator, solid- 
state loop switch, autostart, tuning meter, and the popular AK-1 AFSK oscillator. An unscreened and undrilled Bud 2110 
Minibox is provided for you to tailor to your requirements. The ST-5K represents the lowest cost RTTY demodulator 
available today. 


a 


SPECIFICATIONS 
ST-6K ST-5K 
Input Level: 1.0 mV RMS minimum (FM) Input Level: 1.0 mV minimum 
50 mV RMS minimum (AM) 3.5 V maximum 
3.5 V RMS maximum Input Impedance: 600 ohms, unbalanced 

Input Impedance: 600 ohms, unbalanced Input Frequencies: 2000-3000 Hz 
Input Frequencies: 2000-3000 Hz Discriminator Frequencies: 
Discriminator Frequencies: Sime 740) SO) [aly 

Shift: 170 425 850 Hz Mark: 2125 2125Hz 

Mark: 2125 2125 2125Hz Space: 2295 2975Hz 

Space: 2295 2550 2975Hz Autostart Response: 2-4 sec. 
Maximum Data Rate: 75 baud (100 wpm) Motor Dropout: 20-40 sec. 
Autostart Response: ‘Slow’ — 3.5 sec. Tuning Indicator: Meter, Connector for External Scope 

“Fast’’— 1.5 sec. AFSK Tones: Same as Discriminator 
Motor Control Time: Dropout in 30 + 10 sec Output: Internal 60 ma/175 vdc loop circuit and keyer transistor. 
Tuning Indicator: Front panel meter, Low-level, RS-232 Compatible 
Provision for external scope Power: 120/240 vac, 50-60 Hz, 14 Watts 
AFSK Tones: Same as discriminator (170 and 850 Hz Shift) Cabinet: Bud 2110 Minibox (undrilled) 
Output: Internal 60 ma/175 volt dc loop circuit and keyer transistor. Gray Hammertone, unscreened 
Low-level, RS-232 compatible data output. Size: 10 x 6 x 3.5 inches 
Power: 105-125 or 210-250 vac, 50-60 Hz, 25 Watts 25.4 x 15.2 x 8.9cm 
Cabinet: Two-tone gray in rack or table style Weight: 7 Ibs (3.2 kg) net; 8 lbs (3.6 kg) shipping 
Size: 3.5H x 12D x 17W (19W for rack) inches 
8.9H x 30.5D x 43.2W (48.3W for rack) cm 

Weight: 14 lbs (6.4 kg) net; 16 lbs (7.3 kg) shipping 
S:T-OKAK It Soe escoadeg te recast d oo cal ee $275.00 , ST-SKi Kit eae ee $125.00 


(Specify table or rack cabinet) 


NOTE: HAL Parts Kits are intended for the experienced amateur technician. The kits do NOT include step-by-step instruc- 
tions and the ST-5 Minibox is NOT screened OR drilled. The kits do, however, offer outstanding dollar savings as 
well as proven performance. 


ORDER BLANK 


SOLD TO: SHIP TO (lf different) 
NAME 

ADDRESS 

Gil \ eee tee eee ee STATE 


SOON Hix yawns eee eee ee eee ge eee 71 P 


PHONE # 


ST-6K Demodulator Parts Kit Table __ Rack _ $ 275.00 


TOTAL AMOUNT 


Please specify: 1OVAC__ 220VAC__ 50Hz__ 60Hz__ 


Shipping Included in Price: 
Total Amount of Goods: 


| read HAL ads in: 
aie aoa Delivery 2 System No. ____ Discount: 
arcel Pos 


Extra Charge Shipping: 73 O 
CQ 0 5% Sales Tax (ILL Only): $ 
Ham Radio O 
niet med e H.R. Horizons O Special Shipping: 
AIR Freight ee Other - Total This Order: 
COD UPS PP LJ 
Other iy PAYMENT: (Make all checks to HAL COMMUNICATIONS CORP.) 
1) Personal Check No. ___ for $ 
(1) Money Order or Cashier’s Check 
Mail Order to: NOTE: SYSTEM PRICES APPLY ONLY TO CASH WITH ORDER 
HAL COMMUNICATIONS CORP. ZmacOp 
Box 365 PANES Av. BA GINO ae eeeee EST Dateseee eae A LOe = eee foes 
Urbana, Illinois 61801 [eM GN on eee Interbank). ee Sere iia Dates, = == to 
*A written copy of the applicable warranty is available at no charge upon request. Prices and specifications subject to change 
** COD Shipments Require Cash, Cashiers Check or money order. Personal without notice. 


checks are not accepted for COD’s. COD charges are $1.25 per package 
(DS3100 ASR is shipped in two packages). 


LIMITED TIME SYSTEM PRICES ON HAL EQUIPMENT 


SE SS ER 


SYSTEM 1 SYSTEM 3 
DS3100°ASRa tee ee ee ee $1995.00 DS2000 KSRAT:; fect ee eee $499.00 
ST6000'Demodulator a. sere eee $659.00 MR2000 Morse RCV Option............. $159.00 
ResulanHALPrices. oe erent $2654.00 ESM-914 Monitonmgeee ss ere ee $169.00 
ST5000 Demodutlatonareus. eats eee $239.00 
SYSTEM'I Price), (<0 o 3. ©. eee eee $2550.00 RegulamHAlsPriccs seen $1066.00 
(Save $104.00) 
SYSTEM 2 SYSTEM 3'Price yeast eer $1029.00 
(Save $37.00) 
DS2000 KS Rie ie se ee, ee cee eee $499.00 
MR2000 Morse RCV Option............. $159.00 
ESME914> Monitor eee. ree $169.00 
$16000, Demodulatonaenees nee, ce ee $659.00 
Regular HAL Price teense oe $1486.00 
SYSTEM)2 Price: sf. heen $1435.00 


(Save $51.00) 
RULES FOR SYSTEM ORDERS 


. The total System must be ordered at the same time. 

. System prices do not apply to orders placed prior to this announcement. 

System prices apply only to the equipment combinations listed above. 

. System prices apply only to cash with order sales. Discounts do not apply to COD or charge card purchases. 
. This offer expires January 31, 1981, and will not apply to orders received after that date. 

. System prices apply to orders shipped to continental U.S.A. addresses only. 

. HAL Communications Corp. reserves the right to change the terms of this offer. 
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HAL COMMUNICATIONS CORP. 
Box 365 

Urbana, Illinois 61801 
217-367-7373 
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HERE IS YOUR NEW HAL COMMUNICATIONS CATALOG! 
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fi SPECIFICATIONS 


Input Frequency Range: 2125 te 207 Saizi (Standard) 
eae SUE NEY Range, 


1275 - 2125 Hz (''Low-Tones") 


Input Impedance: 500 ohms, unbalanced 
Limiter Performance: (at. 2125 Hz) 
Pee ira Thfeshold - 1.0mV. rms input 
Maximum Signal Input - 3. SNVerms 
_ Discriminator Performance: 
Mark Frequency, all shifts - 225 sb 
1275.82 
Space Frequency, 170 Hz Sid Tithe 22.95 
L445 
Space Frequency, 850 Hz shift - 2975 
Z125 


Discriminator Filter Bandwidth -- 140 


(Standard) 
(''Low-Tones!') 


Hz (Standard) 


Hz (''Low-Tones'') 


HzZe (Standard) 


Hz (''Low-Tones'') 


Minimum Usable Frequency Shift - (Standard Tones): 


Maximum Usable Frequency Shift - (Standard Tones): 


Low-Pass Filter Cut-Off Frequency: - 30 Hz (60 wpm, 45 baud) 
Frequency 


50 Hz (100 wpm, 75 baud) 


(Selectable by proper choice of component values) 
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FSK: 


KEY: 


LORE: 


Miscella 


Am internal 17S volt, 60 ana loop power supply is keyed by the 
demodulator and connected to a panel connector to which the 
selector magnets at the teleprinter ‘can be directly connected. 


A bi-polar keying voltage output iS supplied that is FIA 

(RS =232)-lcompacib lel KTH Rs voltage is keyed by either the 
demodulator itself or by interruption of the loop <i rcuit 

by external devices such as a keyboard or tape transmitter. 
This output can be used ‘to key an FSK circuit for transmitting 
RTTY of to'drive the HAL RVD= 1005 ‘Solid*State Visual Display 
System, or the HAL AK-] AFSK oscillator. 


Nominal Voltages: Mark: < -15V 
Space: > +15V 


A telegraph key may be connected to the FSK system to provide 
narrow-shift CW-ID transmission. A separate potentiometer is 
provided to allow adjustment of the CWoshift, 


AC voltages proportional to thes gnats vin tha Piscriminator 
THINters aré provided tous ley use of “an oscilloscope to aid in 
tuning the receiver. Sinde a tuning meter is provided with the 
Dito USe OF ‘tite “scope” “output is optional. Approximately 4v 
peak-to-peak (at the center frequency of each discriminator. 
Filer! Vs rarhis header eH in internal impedance of | megohm. 


HeousmDanrar: 


PusesProtection= | OVSA fuee in AC power line 


Power Requirement: 120/240 VACL MY S0=6 00 Az, LGn08 


(Power cords are-turns shed For th. >. Standard 
three-wire 120 VAC connections; other .connectors 
must be user-supplied if required.) 


Power Consumption: 14 watts max imum 


Shipping Weight: 5 lbs. 


J» 


or 


at ase i 


or 7 - ie oh > 
y Pag ING, Oi Le 
‘ o 
r- 
» 7 “2 > 
° ‘ i tse: *, z 
¢ ” . “x 2a ww ; 


i Br jue : awa sey ue: agi lov 2 


“a ThE) yal Lynas sy 
: enJ cig vite ol VOI 2ONHOD. fered. © or ‘utounn med 
urea etsenart 90° GS pantie oa ond: 16 1% 
: ‘i ’ 5 i ~~ sey ; Pr 
AtZ el aanty bet lqqbe ‘7 Paired ue oges tov. privad rébogiit 
adit netsie ‘yo boysr 2s spegtov aint sot di eines (s en) 
gluptis Gad! att) to fain remain ro so Pheer? Sept pe 
SIT Viner } 267 70) higodyoA 6 tm Hove eonlved fgnrair a os 
niga avg piuovia Aes he yor OF baeu od Ago 2ugdue, 4 1at i 
Be eig2i0 tour ein? bi toz 2001 - ayn Jay 9 ady sviNb G7 Va: iin : _ 
‘ hee ET ae 42a (3A JAM one tO ieavey’ J 
‘=e 
r4 r — sai ew ie i 
Vels> -ayom teageg toy fen imgn nr 
a 
af ; ny , 'e 
vVei* raoange Vgew i 
i y 
1g O2 moveye W2X 42° H2, B52 29RNVe ad vbr Yon qetye! a7 A 243 
Te tenaqee A acl eetmeqaeas 01 -Wo 3 vine -wolVeN ‘ 
‘Vide W) edd oO tasmeu_bs woltm OF BabIvaNg |, or 
) : ot ee 
6 » atv 2tarp a2 of lenetrogo14 vepatiov oA i7WIe an 
Fe liiszo we to 92a wolle Gr PSOIVOTG B76 ejemtiy | iy 7 
v 
5 isis 2 ae oni nua | goni2. \Tevisos" ott oninwe i 
54 6re) isnoiige ¢) tuqtuc "eqoae” add Yo eeu ,27Te . ae 
(7 : ee ay 
= 3 beri rth den uw v2 ups? VIMGS aay #6) s634°0)" ASoq a _ 
rie! i lenteant ne Adiw beret ony? a) (vextit © (eo 
; ) ae 
ule CDer;: 
my » “e oo 
ted evosnssieaeim 
wt ; ? ; et. 
'/ yewod DA Ri sant Ad, 0 ‘nol joaIov"4 ogn7 | : i : 
: mi : =@, ‘ 
* : ‘ ¢ adap i 
1 1 sh 08-02 ,JAV OFS\OST -snameriupsA yawet Uva 
=e fy ° a? 
‘ 7 7 
F ’ { 21 “107 OS 2b30 } soviad) 4 ; a 
nod Of) sngisggseanoa IAW OSI svi wrest? eiehe 
+ 1 wexiupes 17 bei fgabe= Heb ed Feum : ie 
5 - “ Ped a) a 7 
momixem eJ7eaw ne -ngi 7qmuZned awa 
J a4 
L2d1 a :tdpieW pnt 
‘ 
q 
¢ 
ik 
rhe Ve i oe 
7 7d . 
Cake r ’ i Re! 


} : aA 7 ; f - / . 4 

’ a 3g: eM 

Rapes nod 

; €2- 
hia y vies a oh a 


Dea TEST AND ALLGNMENT 


After the 154 habe been completely assembled, double-check a]] 
wiring to make sure there are no emroren Particd lar ly make sure that 
Ene ac power, loop supPIY, and low Voltage Supplies are correctly connected. 


minary Power Supply Te 


SAL Preli Sts 
ne er Upp bys less 


CAUTION: 
IN THE CAB 


IN THE FOLLOWING Bie Ss, POTENTIALLY EE THAR VOLTAGES ARE EXPOSED 
UNET WLRING., sBE VERY CAREFUL WHEN MAKING MEASUREMENTS TQ AVOID 


TOUCHING EXPOSED TERMINALS, 


Pits er ole ampere fuse in the Fuse holder and Plug the Vine“cord into 
a grounded three-prong ac power outlet (or Suitable power source ‘if using 


PLAT ORD) 


DO NOT DEFEAT THE GROUNDING PLUG PEAURER Ling. De SOQ COULD PRESENT A SHOCK 
HAZARD, LEAD TO RF INTERFERENCE PROBLEMS, AND WILL VOID ANY WARRANTY BY 
HAL COMMUNICATIONS. 


Turns the AC Power switch on. The pilot lamp should light. Make 


the following voltage measurements in the §T=5 using a 20,000 ohms-per- 


volt VOM: 


lee 


vie 


Meastire 715 Vac between terminals ] and 2 and between terminals 
Sean sO bathe Power transformers. These measurements will be 
the same for ether FPbSe;- 230 VAC power input connections, 


ASD. Unt 1k tle, the demodulator board, measure fae VOC eae Volts, 


At point ‘Hy! on the demodulator board, measure Tee Ohio volts. 


With switch Seal n "Standby"! Position and a jumper between pins. & 
pnd IGOF 2 imeseuine approximately -155 voc 0%) across the 

loop pesistor, R107. 

Remove the Jumper from Pins.4 and 1 of g2 and measure approximately 
17 O “Voc uy 10%) at point YY! onothe POWer supply board. 


At point "AD'' on the power supply board, measure approximately 
PON Mew aia . 


Turn the power Switch off. 


If the previous voltage leas urement slacttenk, Proceed to the next Step. 
If they do not check-out, a Wining error has been made and should be corrected 
before continuing. 
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5.2 Alignment of the ST-5 


shert.theraudio input to the ST-5 (jack J1), turn-on the power, 
and measure.the DC voltage at pin 10 of IC OA-1. Adjust potentiometer 
R5 to obtain as close as possible to zero volts at pin.i9, Since OR-=] 
is connected for very high gain, it may not be possible to adjust R5 
for exactly zero volts. 


. Remove the short from J] and connect an audio oscillator boas |. 
The oscillator should be capable of. approximately 1.0 volt rms output 
in the l¢0atda3.08&kHz frequency range. Adjust the oscillator’ frequency 
and note the readings on the tuning meter. With the Shift Switch (S1) 
set fora850,Hz,‘ theemeteér reading should peak at approximately 2.1] and 
5.0 kHzireSetathekosciililator frequency to the meter peak near. 2:1 kHz. 
Adjust potentiometer R18 to give a meter reading of 0.7 ma: - Change the 
oscillator frequency to get a meter peak reading near 3 kHz. Adjust 
potentiometer R13 to again get a meter réagung.ot 0. 7 “ma. 

Connect a 0 to 100 ma'meter (or VOM on the 100 ma scale) between 

pins 4 and.1 of a 6 pin connector with the positive lead to pin ] and 
the negative lead to pin 4. Turn the ST-5 off and wait 30 seconds to assure 
that. the filter capacitors: have discharged. Insert the plug into J2. 
Turn thesStn5 back.on.. With the signal generator frequency set below 
approximately 2400 Hz, the meter should indicate a Loop. current o1eo0) © 10 ma 
When the generator frequency is above 2600 Zest Des OOD current should be 
zero. 


The discriminator tuned circuits can now be adjusted. Connect a 
frequency counter or other accurate frequency measuring device to the. 
audio oscillator. Since the discriminator tuned circuits have a relatively 
wide bandwidth, measurement of the frequency corresponding to a peak tuning 
meter reading is difficult. A much more accurate technique is to measure 
frequencies on either side of the peak and calculate the mid-point. For 
example, to measure the center hequency ofs the mark circuit, first make 
sure that the peak meter reading is approximately 0.7 ma. Next, adjust 
the oscillator frequency up in frequency until a meter reading of 6.6 ma 
is obtained. Record this frequency. Adjust the oscillator down in 
frequency, past the peak, until the lower frequency COFrReSpondinds: to a 
meter reading of 0.6 ma is obtained. Record this frequency. The center 
frequency can now be determined by adding the two frequencies and dividing 
by two. Use this technique to measure all center frequencies. 


With the shift switch in the 850 Hz position (switch Sl), measure 
the mark frequency. The measured frequency will generally be below the 


desired 2125 Hz mark frequency. If SO, adjust the tuning by removing turns 
from L] at the approximate rate‘of 3 Hz per turn removed. DO NOT attempt to 
make large frequency adjustments in one step. Rather, remove almost enough 
turns and then remeasure the center frequency; it is far easier to remove 
additional turns than to put some back on.the toroid. If more than 10 turns 
must be removed: from a toroid, remove,an equal amount from each hal€ to 
maintain the detector balance. If the original center frequency is higher 


than 2125 Hz, lower the resonant frequency by adding capacitance at location 
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C7A at the rate of 2 Hz per 100 pf added. After the mark circuit has. been 
set to a center Frequency of 2125 Hz, recheck the adjustment of R18 and re- 
adjust if necessary, 


_ Next, change the Signal generator frequency to give a peak meter 
indication near 3 kHz. REGdJUSTahl 2.) 17 necessary, to give a meter reading 
Of O07 ma.eaks before, compute the Space Circuit center frequency by 
measuring the frequencies corresponding to a 0.6 ma meter reading. This 


CHE it wee! generally be tuned higher than the desired 2975 Hz center 
frequency. If SO, lower the resonant frequency by addirig capacitance at 
location C8A at the rate of Jz) peu LOO. of wadded ts | flthe frequency must 


be increased, remove turns tromel2 et the rate of 5 Hz per turn removed, 
again being careful to avoid removing too many turns. When the center 
frequency has been adjusted, the 850 Hz shift mode: is now aligned. 


To align the 170 Hz ‘shift mode, switch $1] to.170 Hz and tune the 
oscillator to the mark frequency, 2125 Hz, Since the same‘tuned circuit 
is used for both 170 and 850 Hz shirt, the mark cireutteshomid already be 
aligned. Note the tuning meter reading at the peak for the mark frequency. 
It may or may not be equal to 0.7. If not, adjust R18 to give a 0.7 ma 
meter indications Next, locate the center frequency of the Space circuit 
and adjust R13 for a meter read ingpare0w maa, Ac before, compute the 
center frequency and adjust ONLY the capacitor to get a center frequency 
OF 2295 Hz. Additional capacitors, if needed, can be placed at location 
COAG Vite fos necessary to adjust L2, the alignment of the 850 Hz Space 
circuit must be repeated since this toroid is common to both 170 and 850 Hz 
Space filters. Adjustment Factors are the same as for M252, 2 HZ per 
100 pf or 3 Hz per turn. 


Note: Because the same tuned CIreULt Hs sed for born the 170 Hz 


and 850 Hz space filters, potentiometers R13 and R18 can only be set exactly 


for one or the other SPE ESHe this suggested that they be adjusted: for the 
more critical operations. at 170 Hz Shi fitwasua: fina! alignment step. As 
discussed before, set R18 first for 0.7 ma meter reading at 2125 Hz (mark) 
and then Rijsfor 0. Jemauate2295 He (space). 


Alternate Low-tone Alignment 


Measure frequencies and adjust as described above, except the 
frequencieseshould bey \275.H7 for mark and MHoSPHZ or 170s shift Space 
and 2125 Hz for 850 Hz space. Be sure to use the alternate Me luesSator! C7, 
C8, and C9 as well as for RIZSORISS BiG, sendeR22adescribed antnote 3 in 
Figure ]. . 


~ 


The alignment and adjustment. of the ST-5 is now complete. 
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2. SPECIFICATIONS €). 


Output Frequencies: 


Marie C170 and) S00 Har siti Pts PoMeratGs in. a, Gari -jucie-t lotr i ALS eZ, 
SPaCa ntl O Ha Sheet) et ee te ee ee Poe. TEOMA, § Tae Gs 229%. HZ 
ye Ce Cs ets atin ear ee ren PIMC rn nels okey, GSM INL SYS? Se 6 29 joy. We 
CW ee coy COW Mews Coen te mamta ety, ORS), 2 hE EOS 2225502, 


Output Amplitude: 


Prehelever Octo Cee teen re, CADRRE Re: ies 1S prenredc 100 mV rms 

Logo teve te CU patee Saeco es ual en.dy the aged biater-we 20 mV rms 
Frequency Stability (after iS» mimute pate) Os048 detox néeeuree Fe (all- tones) 
Standard Frequency Shifts pret ab OMeen Rpurtons -eienaks sereis /(Y and 850 Hz 


Input Keying Voltage Requirements: 


Marin ee ee hess) thanw0 volts »iereater than -20 volts 
Space ow ae = BLeacer than “+5 svolts J elesspthan .+2.0: volts 
Power REGUL ements tt meet eee nen eA bem 30 OMREM, COML SAO £0" +12 V de @ 30ma 
Rie ee eee lOO. IDEEREOrR, MET Age wate PLES eX"S 3/4" circuit board 6) 
ie, OLX 14636 cm) 
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So. OPERATION OF THE *AK= I 


The circuit of the AK-1l AFSK Oscillator (sec Figure sl, pagel 16 )p is 
made up of five basic sections: oscillator, keyer, divider, filter, and 
output amplifier. The signal is generated in a unijunction relaxation 
oscillator (Q4) at twice the desired output frequency. The exact mark 
frequency of oscillation is determined by the combination of C2 and RL 1 
R12, and R13 (also Re, if used). The frequency of oscillation is changed 
from mark to space condition by paralleling the R11, R12, R13 chain with 
either R6 and R/.(170 shift) or R4 and R6 (850 shift) series resistor chains. 
Therefore, shifting from mark to space frequencies is accomplished by 
changing the charging time-constant,jof, capacitor G2, ja procedure that 
generates no abrupt phase discontinuities in the oscillator waveform. This 
is a particularly important feature of the AK+l when it is to be used in a 
SSB-type of transmitter system. For instance, oscillator circuits that 
use tuned-circuits will generate spurious signals due to phase discontinuities 
when shifting from mark to space. These spurious signals rarely cause 
problems in VHF-type AM or FM applications but will causé radiation of illegal 
signals when used with a SSB-type of transmitter. The AK-1 will not produce 
this type of spurious:isigenal. 


Changing the frequency from mark to space is accomplished electronically 
by keyer stages Ql and Q2. Keying voltages are presented to pim, 6 of the 
edge connector with the convention that for mark condition the voltage .should 
be zero or less (preferably between -5 and -15 volts) and eréater thanyiS 
for space condition. Therefore, during mark, Ql is "off" as is Q2 and the 
effective Charging resietorn- fore C2sas only the, R11.) R12¢.and)Ri3.serézes chain, 
During space, both Ql and Q2 are turned "on", paralleling- either R4 and R5 
or. R6 and R7 (depending upon which is selected by Sl) with the R11, ete. 
chain. Be 


A separate keyer transistor, Q3, is provided for CW identification. 
When pin 7 of the edge connector is grounded, Q3 is biased "on" and R8 is 
placed in parallel with the R1ll,-etc. chain, increasing the frequency by 
approximately 100 Hz. Note that this stage can be activated at any time 
andaileis thereforelimportant thatythey key, (or,ite shorting-bar) not be 
closed during RITY transmission. R8 has been chosen to give approximately 
100 Hz shift from the mark tone, but the exact amount of CW ID shift can be 
adjusted by changing the value of this resistor. 


It is important to note that both space tone and CW ID frequencies are 
determined by their respective resistor chains in parallel with the mark 
resistor chain, Therefore, it is: necessary, that the mark frequency be 
adjusted first since any change in this resistor chain will affect all other 
tones. To allow compensation for the wide range of possible variation of 
the unijunction oscillator transistor, Q4, and Limimg Capacitor C2, both a 
fine and coarse adjustment are provided for the mark frequency. The ranges 
of all potentiometers have been chosen so that it should always be possible 
to adjust to the correct frequencies without changing fixed resistors if 
Ehe Unit ie constracted correctly. 
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The output of the oscillator across resistor R22 is a 2 volt spike 
at twice the desired output frequency. The divider stage (BSMV), Q5-Q6, Q) 
is triggered by these pulses. ‘The output of the divider (measured at the 
collector of Q6) should be a square-wave of. approximatcly 10 volts peak-to- 
peak amplitude and with a frequency equal to the desired output frequency 
(2125 Hz for mark with key-up). 


The low-pass filter removes all’ but the fundamental component of the 
square-wave, resulting in a sinusoidal output waveform. R24 is the input 
Lerminaciog resistor Lor the filter and k23 is a divider ‘to, reduce the 
voltage output and provide some isolation between the divider and filter. 

If desired, the output of the AK-l can be increased somewhat by reducing the 
value of R23, but care should be taken to maintain the same parallel 

equiva lent of R23 and R24 to keep the proper filter termination, impedance. 
Since 1U-is omy moccssary that, the filter provide rejection of. the harmonics 
of the divider output” (odd-order harmonics for the square-wave), the filter 
COeCSPNO ET eCUITG €Litical timing and can pe assembled directly... If problems 
are suspected with the filter circuit, the pass-band can be checked by 
POROving ENC Bnd Of fTesisctor R2Z3«trom the collector of 06 and substituting 
an audio Oscillator, observing. the Output-across,.C/., The filter should. be 
Mal toes Wreriiiel Uncen tO 3000 Lizceand should Dberot, the. order: Of. 13 dB 
Gennmat t2o00 NZ 42un ei 2o) and el fan down at O3/a4nZ.(3.Xe2125), ~this. check 
is not normally required and should only be necessary if problems occur. 


Two outputs are provided from the AK-1l: an attenuated, high-impedance 
output of 20 mV rms for typical connection to the high-impedance microphone 
input On a4 transmitter, and a,500,ohm, 100 mV rms output’ that.can beused 6G) 
for carbon-microphone inputs, to drive counters, and other high-level 
applications. Transistor Q7 is used as.an emitter-follower 
isolation amplifier to drive the 100 mV output. When connecting to the 
100 mV output, it should be remembered that the coupling capacitor, C9, is 
electrolytic and leakage inherent in any electrolytic will produce a dc 
voltage if. a very high impedance device is,connected to this output. This 
1s panticulariy (true of some ‘counten inputicircuLts and,” on counters swithout 
a blocking input capacitor, can cause false counting. The cure is to 
terminate the Output jin IK to 1OK ohms, -Another precaution for use of the 
100 mV output is to maintain fairly low shunt capacitance across the output. 

Pncere some CONGutVOns  tiansistor / will oscillate im the S to 10 MHz rangé 
tc they. O0MmyY OUtpuc mis (cCapacitively loaded.” ihe cure is toereduce the 
“capacitance of the load, or use ferrite beads on the leads of Q7. Use of 
resistor Rx to provide space-tone pre-emphasis is discussed in detail in the 
applications section of this. manual ! 


Power reduired by the Ak-l is connected to pins 5 (+12V. Gi30%ma).and 
land “12 (ground return). .An additional zener regulator, D3, provides +8. 
VOEtsS regulated tO the oscillator circuit, but wesulation of, the,tl2uvolt 
input is-also highly recommended. 
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6. TEST AND ALIGNMENT 


Refer to the schematic diagram, Figure l, and the circuit board layout, 


Migure 2, 10> locate rthe test points mentioned in the follewing procedure. 


After-the AK-l circuit board and related connectors and power supply 
Have been wired, apply power to the oscillator and check for the presence 
of t12 volts. de,at.pin, 5 of the edge connector and for +3.2 Vidcat the 
emitters of Qo» and Q3- The total current drain from the +12 volt. power 
supply should be of the order of 30 ma + 5 ma. Lf the voltages, are not 
correct or if the current consumption is wrong, a mistake in wiring has been 
made cand should be located and, carrected before proceeding. If an 
oscilloscope is available, proper operation of the oscillator and bistable 
multivibrator (BSMV) can be checked. The waveform across the O.0) sued 
polystyrene timing capacitor should be a saw-tooth of approximately two-times 
the desired output frequency and the waveforms atecne (COLleccors of “ei rner 
Q5 or Qe should be square waves of the same frequency as the output. The 
waveform at the base and emitter of ')7 should be a sine-wave at the output 
frequency. 


If an oscilloscope is not available, the 100 mV output of the AK-1l can 
be coupled to a RITY demodulator and the tones adjusted. to the Trequencies 
of the demodulator. Generally, there should be little trouble with the 
AK-1, experience has shown that 994, of problems with the AK-~l can be traced 
to wiring errors. 


MGtean tus determined that iene k-lo15 fumctioning. correctly, the 
frequencies of the tones should be checked with a frequency counter.. The 
counter should be connected to the 100. mV output. Note that some counters 
(such as the Heath IB-101) have a very high input impedance and no Bloackine 
CapacitOusane Muthis case, pthe yery emai. Dun Ginite. leakage 1p 
electrolytic capacitor Cg can place adc potential at the counter input 
and cause no indication or faulty indication. It is therefore recommended 
that the 100 mV output be terminated in 1000 ohms when alignéd in this manner. 
Alwayspadjust the AK;+1 ingthe mark condition utirstsaud chen adjust the two 
Spaceatones.- Therefore, set the input keying signal for marking condition 
and adjust R 9 and R,3 for an output Of 2U25eizy Note that Ry3 iS a coarse 
adjustment and Rj is a fine adjustment for the mark tone. The mark tone 
shouldubeayz 12D. WZasor.e1therashifit. 


Now place the shift switch in the 1/0 Hz position and set the keying 


input for a space condition. Adjust Rg for an output frequency of 2295 Hz. 


Change the shift switch to 850 Hz and adjust Ry for an output frequency of 
2975 Hz. Check the amount of CW ID shift by returning the keying signal 

to the mark condition and shorting the key jack - the frequency should shift 
to approximately 2225 Hz in either position of the shift switch. This 
frequency can be adjusted by changing the Walle of Ro, but this is normally 
not necessary. As discussed previously, resistor locations R,, Rp and Re 
have been provided to allow further trimming of the total series resistance 
for each tone if necessary. Experience has shown that the ranges ar the 
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potentiometers are sufficiently great to account for component tolerances on 
avn i should therefore be possiblé to. adjust all. of the stones directly \ 
without changing, jor adding. resistors: 


The low-pass filter requires no adjustment. Proper performance is 
indicated by comparing the output voltage for 2125 liz with Phat Gre2 975 Hz. 
The. two, Veverevsnoula be withins0,5 dB of each other’ if sene filter is 
performing correctly. As mentioned earlier, resistor location R, 15 
provided to allow a small amount of space-tone pre-emphasis. The audio 
stages of some transmitters may tend to have slightly reduced output of 
ZI/o He as, Compared with 2125. ilz. Insertion.of a resistor at“R, forms a 
single-pole low-pass filter with Cy}g and can, in some cases, provide some 
compensation of the low-level space carrier output. It should be noted, 
however, that both tones will suffer some attenuation and it is impractical 
‘to try to compensate for more than a 2.0 dB difference in levels with this 
technique. 


When tie GA AK-L is. constructed as a) part Of the HAM Sf-6,. the 
alignment procedure can be somewhat modified and portions Of the 22-6 used 
in the test. After it is determined that supply voltages and currents 
Aye correct and thatrthe oscillater is functioning correetly, connect the 
100 mV output of the AK-1 to the audio input of the ST-6. Put the ST-6 
AUTO-STAND-BY switch in STAND-BY position and the LIMITER switch in the 
ON(FM) position. . Connect the frequency counter to pin SOF the edge 
connector of the number 1 board for the shift under test (i fer, tor the 
170 Hz shift, connect the counter to 1-170(8) and for 850 Hz shift to t 
1-850(8)). This technique has the advantage that the input bandpass filter ¢) ) 
and limiter stages of the ST-6 serve as counter input stages, reducing . 
noise, increasing signal strength, and improving ‘accuracy of the measurement. 

With. the controls set in this fashion and the printer jack of the ST-6 
unconnected to anything (self-shorting), the AK-1 is in the mark condition 
and the 2125. Hz tone can be adjusted as before. To obtain the space 
condition, plug»an’ uriconnected plug into the ST-6 printer jack, opening 

the loop, Now. adjust theispace tones - note that it is»mecessary fo move 
the counter connection point from one board no. 1 (pin 8) to the other when 
changing shifts. 


An “interestimg variation of this technique is that/the AK-1 can be used 
to check the center-frequency of the ST-6 discriminators by simply observing 
the frequencies at which peaks on the ST-6 tuning meter occur. 
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500 pf£ disc ceramic 

O, OOLM ME discyceramic 
0.01 pf polystyrene 

0.015 at, mylar 

0. O23"ut mylar 

0.068 uf mylar 
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silicon signal diodes IN4148 


- 12 pin Cinch 50-12A-20 Edge Connector 
=-S phone Sacks G&eplugs (AP Vout puts) 
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